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'pHE ommfion &t th* fttodjr of Natural Scienee from tlM eotuM tff inMntction 
-^ generalij foIlowMl in this ooantry, appears a neglect of one of ih6 most impor- 
tant mcMls of intelleotaal discipline and nioral improvement which Ae Ahnightj 
has placed n^thln onr reach. This study^ rightly pursued, has for its 0l|eet to 
enahls ns to r^d with understanding in that bright volume of Creation, the pages 
of i#hlc1l are daily and hourly unrolled before ns« To every one do ^'th^ HeaTens 
declare the gUflry of God,*' whilst " the Earth" shows itself « full of His goodness ;" 
but most of lUf to him who has learned to interpret the wonders &ey dkplmy ; 
and to traoe, in the glorious works by which he is surrounded, His power, wiadotn, 
and lore* 

As a means of intellectual discipline, the study of Natural Science is perhaps 
second to none* Habits of accurate, discriminating, unprejudiced observation ; 
of cautious reasoning, and of sound judgment ; together with a feariess love 
of Troth, af» cultivated by it. Moreover, it has die advantage of intereeting 
the pupil inuch more than the greater part of the ordinary routine of instruc- 
tion ; and will tend to increase his desire for the attainment of valuable knotrledgo 
of any description. Further, at the present day, when Scienee is constftnily 
furnishing some new and important improvement in those Arts Which minister 
so much to our oomfort, and in their turn contribute in various modea to tbe 
expansion of the intellect^ the practical benefit of a general aequaintanioe with its 
principles is sufiieitfntly evident. And whatever portion nay be destitute of such 
direct applicatiiln, will be found to have uses of its own, in flimiAhing sifbjdcts for 
the healthy oecupation of the tiiougbtSy Mid objecU of punmit as rational and 
interesting relaxation. 

No works at present before the public appear td be altog^her suitable to this 
purpose ; the greater nutnber of siribttff Elementary Treatises on Natural Science 
being little else than abridgments of largi^r worfai ; so that they are much behind 
the present state of science, and are for tire most part but inaccurate copies of 
one another, executed in a mechanical spirit, and destitute of the striking novel- 
ties which scientific research is constantly bringing into view. The Publishers 
have therefore determined upon bringing out a connected series of Treatises 
upon the principal departments of Natural Science, designed and executed in 
accordance with the Views Above expressed. It is intended that these should 
all be founded upon such knowledge as every person of ordinary capacity 
possesses, and that the attention of the' reader should be directed in the first 
instance to phenomena of constant occurrence around Him ; and it is hoped 
that by a judicious mode of treating the subject, principles may be gradually 
developed in such a manner as to render them fully comprehensible, and their 
more extended application thus marked out. '< The neglecting to form a proper 
connection with previously-acquired knowledge ; the undervaluing the results of 
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CHAPTER VI. 

OF THE CLASS OF FISHES. 

515. The fourth and last class of the Yertebrated sub-king- 
dom/comprises the animals known as Fishes. These are destined 
to live altogether in the water ; and this circumstance has im- 
pressed a peculiar character on their entire organization : but 
the most important differences which they present, when we 
compare them with the other Yertebrata, consist in the confor- 
mation of their apparatus for respiration and circulation. They 
have no lungs at any period of their lives ; and they breathe by 
gills only. Their heart contains but two cavities ; and receives 
only venous blood. This liquid^ after having been brought into 
contact with oxygen, passes into a dorsal vessel, where no new 
force accelerates its course through the different parts of the 
body. Their circulation cannot, therefore, be as active as among 
the higher animals ; and their blood is cold like that of Reptiles. 
Their skin is covered only with scales, which, in some instances, 
are scarcely discoverable, so that the skin appears quite bare ; 
they have no mammary glands like the Mammalia, and they 
are reproduced by means of eggs ; lastly, their members have 
the form of fins. 

516. The external form of Fishes varies; but their body is 
generally but little divided. Their head, which is as broad as 
the trunk, is not separated from it by any narrowing like the 
neck of the higher Yertebrata ; and their tail, by its size at its 
origin, is not distinguished from the rest of the body. Some of 
these animals are quite destitute of fins ; but in general we find 
a considerable number of these organs, placed, — some on the 
central line of the back or the abdomen, and consequently single, 
—-others on the sides, and arranged in pairs (Fig. 245). These 
last represent the four limbs of the other Yertebrated animals. 



EXTERNAL ORGANS OF FISHES. 




Fio. 24fi.— Bkaroxd Mullet» showing posttion of 
fins ; Pt pectoral fin ; v, Tentral fin ; d^, first dorsal ; 
d*. second dorsal ; e» caadal ; a, anal; o, opening of 
giU-oovers. 



The anterior members, which correspond with the arms of Man 
and the wings of Birds, are fixed on each side of the trunk, 
immediately behind the 
head, and are called j^^c- 
taral fin*. The abdo- 
minal members are less 
separated from each 
other, and are generally 
found on the lower side 
of the body ; they may 
be situated more or less 
forwards or backwards, 
from the under part of 
the throat to the com- 
mencement of the tail ; these are called ventral Jim. The single 
fins occupy, as we have already said, the central line of the 
body ; and are divided into dorsal finsy analfin9^ and caudal Jim^ 
according as they are placed along the back, under the tail, w 
at its extremity. They have all very nearly the same structure, 
and consist almost always of a fold of skin, supported by bony 
or cartilaginous rays ; very nearly in the same manner as the 
wings of bats and dragons are sustained by the fingers or by the 
ribs, of the animals. 

517. On the external surface of the body, large openings are 
seen on each side; which are placed immediately behind the 
head, and which serve as an outlet for the water that has passed 
through the gills. In general there is only one on each side ; 
and its anterior edge is moveable, and resembles a flap or 
valve. There exists on each dde, along the whole length of the 
body, a series of pores, which is termed the lateral line; these 
are the openings of glands imbedded in the skin, by which the 
thick mucus is secreted, that covers the skin of Fishes, and gives 
to it its peculiar slipperiness. 

518. The skin is sometimes almost entirely bare, but it is 
generally covered with scales. Occasionally these scales have 
the appearance of coarse grains, at other times they exist as large 
tubercles or plates of a considerable thickness ; but in general 



SKELETON OF FISHES. 3 

they present the aspect of very thin laminss or plates, arranged in 
the manner of tiles upon a roof, and held together in the folds 
of the skin. We may compare them to our nails ; hut they 
contain a much larger quantity of calcareous salts. The colours 
with which these animals are adorned, astonish us hy their 
variety and splendour. Sometimes they can only he compared 
to the most hrilliant gold and silver ; sometimes these present 
tints of the richest green, hlne, red, or the deepest hlack. The 
silvery matter, which frequently gives to them so beautiful a 
metallic splendour, is secreted by the skin, and is composed of a 
number of small polished laminse. 

519. The Skeleton of Fishes is usually bony; but amongst 
several of these animals, such as the Ray and the Shark, it re- 
mains permanently in a fibro-cartilaginous or cartilaginous state; 
and there are even some in which this frame- work possesses still 
less solidity, and remains perfectly membranous : certain Lam- 
preys are in this condition ; and in this manner they form a 
transition between the Yertebrated and Invertebrated animals.—- 
The bones never have any medullary canal; and the cartilage 
which constitutes their foundation is not the same as that of the 
Mammalia and Birds ; for, when boiled in water, it does not 
give out any gelatine. 

520, The skeleton is composed of the head, to which is 




Fio. 246.— Skslbton of thb Perch. 



joined a highly-developed apparatus which is subservient to 
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4 BONES OF THE HEAD OF FISHES. 

respiration ; of the trunk ; and of the members. — The structure 
of the head is very complicated. At first is seen a central or 
median portion, composed of a great number of bones united 
together by sutures, and forming a kind of immoveable keel, 
with which are connected the bones of the jaw, the cheeks, &c. 
This median portion, of which the general form is very nearly 
that of a pyramid with three sides, having its summit directed 
forwards, has at its back part the cavity of the cranium ; in 
which is placed the apparatus for hearing, as well as the brain. 
Its middle side is hollowed out to form the orbital cavities, or ; 
and in front are seen the apertures belonging to the olfactory 
apparatus, n ; and a kind of large knob, formed by the vomer, 
and serving to support the upper jaw (Fig. 247.) We may dis- 
tinguish the bones coiresponding with the occipital, the temporal, 
the sphenoid, the parietal, the frontal, the ethmoid, and the 
vomer ; but most of these are composed of several pieces, which 
never acquire the union that takes place at an early period 
among the Mammalia and Birds. — At the anterior extremity of 
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Fro. 247.— Bones of fhe head of Pike; e, cranium ; or, orbit ; n, nasal cavities ; im, 
intermaxillary bone ; m, superior maxillary bone ; t, lateral partition, separating giUs 
trom mouth ; p, io, op, bones of operculum, or gill-cover. 

this cranial portion of the head is placed the upper-jaw, which is 
sometimes fixed there in an immoveable manner, but in general 
preserves great freedom of motion ; there may be distinguished 
in it on each side an intermaxillary bone, placed near the medial 
line^ and a maxillary bone, which extends sideways, and which 
is moveable upon the first. 
521. A chain of small bony pieces extends on each side, from 



BONES OF THE HEAD OF FISHES. 



the anterior angle of the orbital cavity to its posterior angle, and 
thus completes the circle of the orbit. Further inwards is 
seen also on each side a kind of vertical partition, (Fig. 24? ^) 
which is suspended to the skull, and which separates the orbits 
and the cheeks from the mouth. It is formed by bones cor- 
responding with the palatine, pteregoid, and tympanic bones of 
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CO ca ab h r b I 

Fio. 248.— Bones of the head of the Perch, after the removal of the jaws, lateral par- 
tition, and operculum, on one side, to show the interior of the mouth, and the hyoid 
apparatus; c, cranium ; or, orbit ; v, vomer (armed with teeth) ; im, superior maxU. 
lary; dp, teeth implanted on the palatine arch ; mi, lower jaw; I, lingual bone; 6, 
latena branches of the hyoid apparatus ; *, process for the attachment of these to the 
lateral partition ; r, r, branchio-stegal rays ; a, branchial arches ; ph, superior pharyn- 
geal bones ; ar, articular surface by which the lateral partition is attached -, otoh, bony 
framework supporting the pectoral fin.p ; d and o', scapula divided into two pieces ; h, 
humerus ; db, bone of the fore-ann ; ca, bone of the carpus ; co, coraooid bone. 

the higher Vertebrata. At its under part it gives attachment to 
the lower jaw ; and behind it is prolonged in such a manner, as 
to form a kind of moveable flap, which protects the respiratory 
apparatus, and is termed the operculum or gill-cover. The 
lower-jaw is formed of three pieces on each side. Within the 
Uteral partitions just described, and lying at the bottom of the 
mouth, is found a framework of very complicated structure, 
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which serves for the snpport and protection of the gills, and 
which appears to resemble the hyoid bone of higher animals 
enormously developed (Fig. 248.) The bone of the tongue, /, is 
continued backwards hy a series of pieces on the central line ; 
and is articulated on each side with a lateral branch of great 
length and thickness, which, by its opposite extremity, is sus- 
pended (as it were) to the internal face of the before-mentioned 
partition. These lateral branches, formed of several bones, carry 
at their lower border a series of flattened rays, r, r, curved 
backwards, which unite with the opercular bones to complete 
the walls of the branchial cavities, and which are known under 
the name of hranchuhstegal rays. Behind these branches we 
meet with four pairs of bony arches, a, passing off from the 
central portion of the hyoid apparatus. These are first directed 
backwards ; then they curve upwards and inwards ; and at last 
they are fixed to the base of the cranium by a series of small 
connecting bones, ph^ termed the superior phar3mgeal. These 
arches support the gills, and are thence called branchial arches. 
Lastly, behind the last pair of these, at the entrance of the 
oesophagus, are seen two inferior pharyngeal bones ; which are 
usually so placed, as to apply themselves against the superior 
pharyngeals just mentioned. 

522. Such is generally the complicated structure of the bony 
head of Fishes. Some anomalies, however, are occasionally 
observed ; thus amongst the Sword-fishes and some other allied 

species of Tunny, the upper jaw 
is prolonged, so as to constitute 
a kind of beak, like a spit or the 
blade of a* sword ; which serves 
Fio. 249.— SwoBD-FiBH. these fish as a powerful weapon 

to attack the largest marine ani- 
mals. We shall not dwell here on the comparison of the different 
pieces of which the head of Fishes is composed, with the bones 
of the head of the Mammalia; as there still exists much uncer- 
tainty on this point: 

523. The vertebral column, which immediately follows the 
head, only presents two distinct portions, the one dorsal, the 
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other caudal (Fig. 246) ; for here there is neither neck nor 
sacrum. The hody of the vertebrsB has a peculiar form, being 
hollowed before and behind into a conical cavity ; these two 
cavities sometimes unite in such a manner, as to form a con- 
tinuous passage ; and the double conical cavity, which is formed 
when two vertebra are placed together, is filled with a soft sub- 
stance. The ring destined for the passage of the spinal marrow 
is surmounted by a spinous process ; and on each side there is 
generally seen a transverse process more or less distinct, which, 
beneath the abdominal cavity, extends outwards, and is usually 
united with the corresponding rib; but which, in the caudal 
portion of the column, is directed downwards, and often forms 
with that of the opposite side a ring, from the lower part of 
which arises a long and spinous process, similar to that which is 
situated on the dorsal side of the vertebrsB. — ^The ribs are some- 
times enturely absent; at other times they surround the abdo- 
men, and amongst a small number of Fishes they are joined to a 
series of single bones, which ought to be considered a sternum. 
They often bear one or two pointed projections, which are 
directed outwards, and penetrate into the muscles. There are 
also, sometimes, similar processes, which spring from the bodies 
of the vertebrsB ; and it is thus that, in some tribes, such as 
amongst the Herrings, the small bones of Fishes become very 
numerous. Lastly, we find on the central line of the body a 
number of bones, termed interspinom (Fig. 250), which are 
usnaUy applied against the extremities of the spinous processes 

of the vertebrsB, and which 
articulate at their opposite 
ends with the rays of 
the median fins. These 
rays are sometimespointed 
bones, which are then term- 
ed ipina: but they are 
sometimes ossified only at 

F,o.250^DoBaAL FIN, aapported'onaplnyrayB, ^^:^ ^ ^^e remainder 

r, r, and these resting on interapinoas bones, i. i. ^ 

being formed of a series 
of little cartilaginous pieces, jointed together ; and often branch- 
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ing at their stunmit ; these are termed mrtieidated or 90ft rays; 
the candal fin is entirely formed of them (Fig. 246) ; and some- 
times there are no others. 

524. The lateral fins, which represent the members, are ter- 
minated by rays similar to those of the vertical fins, and analo- 
gous to the fingers. In the pectoral fin are seen, at the base of 
these appendages, a transverse series of four or five small bones 
{c a, Fig. 248), which are analogous to those of the carpus ; and 
these, in their turns, are fixed to two flat bones, a b, which seem 
to be the radius and ulna widened. This apparatus is supported 
by a kind of bony girdle situated immediately behind the ears, 
on which the operculum or gill-cover is fixed ; and it consists of 
three bones, extending from the cranium to the hyoid apparatus, 
and prolonged backwards into a pointed process. The principal 
piece which enters into its composition, is that which bears the 
fore-arm, and which may consequently be regarded as the hume- 
rus, h; it is united below with that of the opposite side and 
with the central prolongation of the hyoid apparatus ; and it is 
connected with the cranium by two bones (0, 0), which are 
regarded by Gnvier as analogous to the scapula ; and lastly, the 
pointed process which is prolonged over the sides of the body, 
is ordinuily formed of two pieces, and may be compared to the 
coracoid bone, co, — ^The posterior member is less complicated; 
the rays of the ventral fin are only supported on a single bone, 
usually of triangular form, which is frequently attached to the 
central portion of the osseous girdle of the anterior member, and 
which, in other instances, is merely suspended by the muscles, 
having no bony connexion with the skeleton of the trunk. 

525. In Cartilaffifunu fishes, such as tAe Rays and the Sharks 
(of which the Dog-fish is a common species), the arrangeme&t 
of the skeleton differs from that which we have ahready described, 
and exhibits a great resemblance to that of the still cartilaginous 
skeleton of the Tadpole. The skull is not divided by sutures, 
and is only composed of a single piece ; this, however, is formed 
in other respects very nearly like the skull of ordinary Fishes. 
The upper jaw is formed by pieces analogous to the palatine 
bones and the vomer ; the maxillary and the intermaxillary do 
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not exist, and are only found in a rudimentary state, liidden 
under the skin. The lower jaw has in like manner only one 
piece on each side, and the opercular apparatus is generally 
altogether wanting. The vertehral column is sometimes chiefly 
formed of a single tube, pierced on each side for the passage of 
the nerves, but not divided into distinct vertebrsB. The bodies 
of the vertebras are also frequently pierced through, so that the 
gelatinous substance which fills up the intervals of these bones 
forms a continued line through the whole column. The arrange- 
ment of the bones of the shoulder, of the pelvis, and of the fins, 
varies. Lastly, the hyoidean apparatus which supports the gills 
is usually formed very nearly in the same manner as amongst 
ordinary fish ; but in the lowest groups of this class (amongst the 
Lampreys for example) the branchial arches are absent. 

526. The greater number of Fishes swim with great agility ; 
we are told that the Salmon, for example, advances sometimes 
with a rapidity of twenty-six feet in a second, and travels in 
one hour the space of from twenty to twenty-five miles. In 
general, it is through lateral strokes on the water, by the alter- 
nate bondings of the tail and the body, that they can move in 
this manner ; and the muscles which are destined to bend the 
vertebral column laterally, are so developed, that they usually 
constitute the greatest part of the mass of the body. The fins 
on the central line, that is to say, the caudal, the dorsal, and 
the anal, serve to increase the extent of this kind of oar : but 
the lateral fins — the pectoral and the ventral — act but little in 
progression^ or forward movement; and their principal use is 
generally to influence the direction of the course, and especially 
to support the animal in equilibrium. 

527. A peculiarity in the organisation of Fishes, which is 
a great assistance to them in swimming, is the existence of a 
kind of bag filled with air, and constructed in such a manner as 
to be capable of being compressed at will. This stcimmin^ 
bladder is situated in the abdomen, and under the dorsal spine ; 
and it usually communicates with the oesophagus, or with the 
stomach, by a canal, through which the air contained in its interior 
cao escape ; but this fluid does not appear to penetrate into it by 
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this pafisage, for it rather seems to be the prodnct of a secretion, 
having its seat in a glandular portion of the walls of the reservoir 
itself; and sometimes this is completely closed. By the move- 
ments of the ribs, this elastic vessel is more or less compressed ; 
and, according to the space that it occupies, it gives to the body 
of the fish a specific gravity, equal, superior, or inferior, to that 
of the water ; and thus enables it to remain in equilibrium, to 
descend, or to rise, in this liquid. It has been remarked that it 
is often absent, and that it is generally very small, in the species 
destined to swim at the bottom of the water, or even to bury them- 
selves in the mud, such as the Rays, Soles, Turbots, and Eels. 

528. Amongst a small number of Fishes, the pectoral fins 
have an extreme 

development, and J^^l^t^^f(HH^^ 

thus permit the ^^^^^ ^^^^^^^^^^^^^^ T ^ 

animal to support ^^^^S^^^B^^^^^S^^^^^M 

itself for some ^^^^^VV^^B^^^^^^^^^^^% 

minutes in the 1 \V^^^VB^^B^^^ 

air after it has \^ ^^"^^ •* 

leaped out of the . « « 

. •« »v FW' 261.— DACTYLOPTBRirS, ONK OF THK FlYINO FiSH. 

water. The Dac- 

tylopterus affords an example of this construction. There are 
some, which, by crawling, or by repeated leaps, can advance 
upon the ground. Some have been mentioned which can climb 
trees ; but these examples are very rare. 

529. In treating of the organs for movement amongst Fishes, 
we must not omit to mention a very singular apparatus, which 
is seen in some of these animals, and which enables them to 

adhere with great firmness to foreign bodies. 
This is a flattened disc, which covers the upper 
part of the head, and which is composed of a 
certain number of cartilaginous and moveable 
plates, directed obliquely backwards (Fig. 252). 
The Fish of the genus Eehineii are the only 
Fig. 262.wSuckino. spccics which prescut tliis mode of organisation ; 
D,8coFTH.R««>RA. ^^^ ouo of thcm, wWch Kves in the Mediter- 
ranean and in the Atlantic, and which has been for a long time 
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Fig. SSS^Rxmoba. 



celebrated under the Dame of Remora^ or Sucking-Fish, (Fig. 253) 
has been the subject of many amusing and absurd fables. 

It has been pretended that 
this small fish supports 
itself by a kind of suction 
through the disc just de- 
scribed ; and the power of 
stopping a large vessel in 
rapid progress has been attributed to it. A species allied to 
the preceding is very common in the waters of the Isle of 
France ; and it appears that, upon the coasts of Caffiraria, it is 
employed in fishing, by allowing it to pursue fish, and then 
drawing it back, by means of a line attached to its tail, as soon 
as it has fastened itself upon its prey. 

530. The life of a Fish is passed almost entirely in seeking 
its subsistence, and in flying from its enenues. Its external 
senses only appear to give it a few obtuse impressions ; and its 
faculties are more or less limited. It shows no industry, nor 
any remarkable instinct ; its brain is very slightly developed, 
and its organs of sense are very 
imperfect. The cavity of the 
skull is small compared to the 
size of the body ; and the brain 
does not nearly occupy it. Be- 
tween its sides and the brain is 
found a spongy and fotty mass 
of a considerable size, particu- 
larly in adult individuals. The 
lobes which compose the brain 
are placed in a row, one behind 
the other ; in front we see the 
ol&ctive ganglia, o/, often sepa- 
rated from the rest by a pedun- 
cle or foot-stalk ; next the cerebral hemispheres, ch ; then the 
optic lobes, op, which are often larger than the preceding ; then 
the cerebellum, ce ; and, behind all these parts, the lobes belong- 
ing to the medulla oblongata, sp. 
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531. The nature of the integuments of Fish necessarily 
renders their sense of feeling very imperfect ; and deprived as 
they are of prolonged members, and particularly of flexible 
fingers adapted to take hold of objects, it is only by means of 
their lips that they can exercise the sense of touch. The fila- 
ments which are often seen around the mouth, appear to inform 
them of the contact of bodies. The sense of taste must also be 
very nearly absent ; for their tongue is scarcely moveable, and 
is not fleshy ; it receives very few nerves, and the food never 
remains long in the mouth. The apparatus for smelling is of a 
much more complicated structure ; but is not arranged so as to 
allow either air, or the water serving for respiration, to pass 
through it. The nasal fossa only consists of two cavities, closed 
at the back ; each generally opens outwards by two nostrils, 
and is furnished by a pituitary membrane folded in a very 
remarkable manner. The ear is nearly always placed completely 
within the cavity of the skull, upon the sides of the brain ; and 
simply consists of a vestibule surmounted by three semicircular 
canals, at which the sonorous undulations can only arrive after 
having put into vibration the common integuments and the bones 
of the cranium. In general we see nothing that can be compared 
to the external ear, to the membrana tympani, or to the drum. 
Lastly, the eyes are very large and nearly immoveable ; they 
have no true eyelids, nor lachrymal apparatus. The skin is 
continued over the eye, and is thin enough to be traversed by 
the light. The cornea is almost flat ; the pupil very large, and 

but little or not at all contractile ; 
and the crystalline lens is sphe- 
rical. These organs generally 
do not usually present any pe- 
culiarity as to their position; 
but amongst some fish there is 
a remarkable anomaly. Thus, 
amongst the Soles, Plaices, 
Fio.265.-TcmBOT.! Turbots, and other flat-fish, 

they are not placed as usual on both sides of the head, but 
are both situated on the same side ; and this kind of mon- 
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Fig. 256. — Hbad of Shark. 



strosity coincides with a defect of symmetry in other parts of 
the body. 

532. Fishes are very voracious ; there are only a few which 
live principally on vegetable matter ; and generally they swallow 
without any selection all the small animals which come within 

their reach. Some 
species are destitute 
of teeth, but amongst 
the greatest part, 
they exist in several 
rows, as in the mouth 
of the Shark, for 
example; and they 
are more commonly 
found, not only in 
the two jaws, but also on the palate, implanted on the vomer 
and palatine bones, — on the tongue, — upon the interior edge of 
the branchial arches, — and even in the back of the mouth upon 
the pharyngeal bones, which surround the entrance of the oeso- 
phagus. They have never any roots, but are fixed to the bones 
which support them ; they fall off nevertheless — ^probably by a 
mechanism analogous to that of the fall of the horns of the stag 
— and are replaced by new teeth, which arise sometimes beneath, 
sometimes by the side of the old ones. The teeth with which 
the jaws are armed, only serve, in general, to hold or to crush 
the prey ; those situated at the bottom of the mouth are rarely 
(in existing fishes at least) disposed in such a manner as to 
reduce it. Their form varies very much ; sometimes they are so 
fine and closely set, that they present the appearance of velvet ; 
whilst in other instances they constitute strong hooks, plates 
with cutting edges, or rounded tubercles. 

533. There are some Fish which are not supported on solid 
matter, and which live only by sucking the liquids which they 
draw from the bodies of other animals ; the Lampreys are an 
example of this. Their mouth, instead of having the usual 
arrangement, presents a very singular structure, but one which 
is in complete accordance with its functions. The cartilages. 
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which amongst the Bays, &c. form the jaws, are here united into 
rings, and support a fleshy disc, the surface 
of which is furnished with teeth, whilst 
its centre is occupied by the mouth. The 
tongue also is supplied with teeth, and 
moves forwards and backwards like a 
piston ; so that the animal can make use 
of this apparatus, either to fix itself upon 
^'°' ^'^£^^, ""^ ™ another body, or to pump up the fluids on 
which it is supported. 

534. The mouth is not surrounded by any salivary gland. 
The oesophagus is short ; the stomach and the intestines vary in 
size and form. The liver is generally large, and of a soft tissue ; 
the pancreas is nearly always replaced by peculiar coecal appen- 
dages placed around the pylorus ; the position of the anus varies 
much ; sometimes it is found under the throat, at other times 
under the tail. The kidneys are extremely large, and extend 
themselves on both sides of the vertebral column, through the 
whole length of the abdomen. Their excretory passages end in 
a kind of bladder, whose external opening is placed immediately 
behind the anus and the orifice of the reproductive organs. The 
digestive process appears to be performed very rapidly ; and the 
chyle is absorbed by numerous lymphatic vessels, which empty 
themselves by several trunks into the venous system near the 
heart. 

535. The blood of Fishes, as already mentioned, is red ; and 
the globules have an elliptical form, and are of considerable 
dimensions. The heart is placed under the throat, in a cavity 
divided from the abdomen by a kind of diaphragm, and protected 
by the pharyngeal bones above, by the branchial arches on the 
sides, and in general by the humeral girdle behind. It is com- 
posed of one auricle, which receives the venous blood collected 
into a large sinus situated in its neighbourhood ; and of a ven- 
tricle placed beneath it, and giving rise at its anterior extremity 
to a pulmonary artery, which is swollen out at its origin into a 
contractile bulb. This vessel soon divides into lateral branches, 
which are distributed to the gills ; and the blood, after having 
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traversed these organs, passes towards the head by another 
vessel, which in like manner runs along the edges of the branchial 
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Fio. 258.— CiRCULATDfo Apparatus of Fish. 



arches. These canals then send out some branches to the 
neighbouring parts, and are united together again to form a large 
dorsal art^y, which passes backwards, beneath the vertebral 
column, and spreads its ramifications to all parts of the body. 
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Finally, the venous blood is not all directly returned into the 
sinus, which we have before mentioned ; for that of the intes- 
tines and of some other parts, before being sent back into the 
heart, is distributed by the portal vein through the liver. We 
see, then, that the blood, in passing through the circle of the 
circulation, entirely traverses the respiratory apparatus, as 
amongst the Mammalia and Birds ; but in this course it only 
passes once into the heart, which consequently renders its pro- 
gress much slower. The heart itself corresponds in its functions 
to the right half of the same organ amongst the higher Yertebrata. 

536. The Respiration of Fishes is effected by means of the 
air dissolved in the water ; and takes place at the surface of a 
multitude of projecting and very vascular membranous plates, 
fixed on the external edge of the branchial arches, the position of 
which has been already pointed out. In general there are on either 
side four gills, each composed of two rows of lengthened plates. 
In several of the Cartilaginous fishes, there are five, and in the 
Lamprey we find seven. Amongst nearly all the Osseous fishes 

these plates are simple, and 
fixed at the bottom only ; in 
a small number, such as the 
Hippocampus^ commonly call- 
„ „_ „ ed Sea Horse, they are, on 

Fio. 259.— H1PFOCAMPU8. ./. , 

the contrary, ramified, and 
somewhat resemble bunches of feathers. Lastly, amongst the 
greater part of the Cartilaginous fishes, such as the Bays and 
Sharks, they are fixed to the skin by their external edges, as 
well as to the branchial arches by their internal. 

537. The water necessary for respiration enters into the 
mouth, and by a movement of deglutition is forced through the 
openings which exist between the branchial arches, and thus 
arrives at the gills ; after bathing the surface of these, it escapes 
outwards by the opening of the gills. We see, in fact, the 
animal alternately opening the mouth, and raising its operculum. 
Amongst those fish whose gills are free at their external edge, it 
is sufficient to have one of these openings on each side ; but when 
the gills are fixed, it is necessary for the exit of the water to 
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have an opening for every one of the spaces between the gills. 
Thus, in the Shark we find five, and in the Lamprey (Fig. 285) 
seven pairs. We can therefore know the arrangement of the 
respiratory apparatus, by the single inspection of its external 
openings. It is also observed that amongst some fishes^ the 
water does not pass directly from the mouth into the respiratory 
cavity by the openings situated between the branchial arches, 
but arrives there by a canal situated beneath the oesophagus, 
something like the trachea of the higher animals ; the Lampreys 
show this kind of structure. 

538. Fish consume but a small quantity of oxygen ; some, 
however, are not satisfied with that which is dissolved in the 
water, and come to the surface from time to time to breathe 
air. There are even some which make use of it by swallowing it, 
and converting its oxygen into carbonic acid as it passes along 
the intestine ; the Loach of our ponds shows us an example 
of this singular phenomenon. When fish remain out of the 
water, they die in general very quickly frt>m asphjrxia ; not 
because they want oxygen ; but because the branchial plates, 
being no longer supported by the water, fall together, and thus 
cannot so easily be traversed by the blood ; and because these 
organs, when dried up, become unfitted to perform their func- 
tions. Thus, the fish that perish the most rapidly by exposure 

to the air have their gill- 
^ i^s&fc. V - . openings very wide, which 

^ ^^^^ facilitate the evaporation 
|; "^y^ at the surface of the gills ; 
whilst those which resist it 
the best, have very small 
apertures, or else possess 
some receptacle, where 
they can preserve sufficient 
water to moisten these 
organs. The different fish 
which compose the family 
of the Labyrinthiform Pharyngeans, are very remarkable in 
this respect, and owe their name to the cellular reservoirs of 
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water placed above their gills. These reservoirs^ situated under 
the operculum, and formed by the plates of the pharyngeal 
bones, effectually serve to retain a certain quantity of water, 
which keeps the gills moist when the animal is in the air, and 
enables it to live there for some time: hence these fish are 
accustomed to leave the rivers and ponds, which are their usual 
abode, and convey themselves to considerable distances by 
crawling in the grass or on the ground. Those which present 
this labyrinthiform apparatus in its highest degree of complica- 
tion, and which have received the name of Anabas, not only 
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remain very long out of the water, but can even, we are told, 
climb up trees. The greater part of the fishes of this family 
inhabit India, China, and the Moluccas. One species, the 
Gourami^ which originally belonged to China, and which is 
much esteemed for its savoury flesh, has been naturalised in the 
ponds of the Isle of France and of Cayenne. 

539. As already stated. Fishes produce scarcely any heat ; 
that is, their temperature is usually but little above that of the 
medium they inhabit. The Tunny, Sword-fish, and their 
allies, however, constitute an exception to this rule ; for they 
are able to sustain a fixed temperature of about 90° ; and they 
are distinguished from other Fishes by the greater redness of 
their blood, which results fr'om the larger proportion of red 
corpuscles. Several of this class have the singular power of 
developing Electricity, and of giving very strong shocks to the 
animals which touch them. The Torpedo, the Silurus or 
Malapterurus, and a species of Gymnotus, are thus constituted; 
and it is a remarkable thing that the electrical organ presents a 
very different conformation in each of them. 
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Fie. 262.— Gyxitotub. 



540. It is the Gt^notiu^ or Electric Eel, which possesses 
this curions power in the highest 
degree. It inhabits Southern 
America ; and very much resem- 
bles ordinary Eels, except that 
it has no fins at the end of its 
tail, and that its skin is without 
any visible scales. This fish at- 
tains about six feet in length ; its 
body is long, and of uniform size, 
and its skin is covered with a 
viscid matter. It is very com- 
mon in the small streams and 
pools, which are met with here and there in the immense plains 
situated between the Cordilleras, the Orinoco, and the Banda- 
Orientalis of South America ; and we find it also in the rivers 
Meta, Apure, and Orinoco. — The electric shocks which it gives 
at pleasure, and in any direction that it chooses, are sufficient 
to overcome men and horses ; and the Gymnotus has recourse to 
this means to defend itself against its enemies, and to kill at a 
distance the fish that it wishes to eat ; for water, as well as 
metals, transmits the benumbing shock of this singular animal, — 
in the same manner as lightning-conductors convey the elec- 
tricity of the clouds from the atmosphere to the ground. Its 
first discharges are in general weak ; but when it is irritated 
and agitated, they become stronger and stronger, and are then 
terrible. When it has thus struck repeated blows, it becomes 
exhausted, and requires rest, for a longer or shorter time, before 
it recovers its power of giving fresh shocks. We are told that it 
employs this time in reloading its electrical organs, and that 
the Americans profit by this circumstance to take it without 
danger. In order to do this, they drive wild horses into the 
ponds inhabited by these fish ; which, receiving their first shocks, 
are soon stunned and overcome, or even killed ; they then seize 
the exhausted Gymnoti with nets, or with harpoons. 

541. The apparatus by which the Gymnotus produces these 
disturbances lies along the back of the tail, and consists of 

c 2 
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ELECTRICAL APPARATUS OF TORPEDO. 



four longitudinal bundles, composed of a great number of parallel 
membranous plates very closely approaching each other ; these 
are nearly horizontal, and are united by an infinite number of 
other smaller plates placed vertically throughout. The small 
prismatic and transverse cells formed by the union of these plates, 
are filled with a gelatinous matter ; and the whole apparatus 
receives very large nerves. 

542. The Torpedo is a flat cartilaginous fish, very much re- 
sembling the common Rays. Its body is smooth, and represents 
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TORPSDO. 



Fio. 264.— Elbctricax. Apparatus of thk Torpsdo :— e, brain ; me» spinal cord ; 
0, eye and optic nerve ; e, electric organs ; np, pneumo-gastric neryesi proceeding to 
the electric organ ; nl, branch from the preceding^ ooyering the lateral nerve; n, ^inal 
nerves ; d, gills. 

very nearly a circular disc, whose anterior border is formed by 
two prolongations of the snout, which go on each side to join 
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the pectoral fins ; leaving between these organs, and the head 
and gills, an oval space, in which is placed the electrical 
apparatus of these fish. This apparatus is composed of a 
multitude of membranous vertical tubes, pressed one against 
the other, like the cells of bees, and subdivided by horizontal par- 
titions into small cells filled with mucous matter; it is supplied by 
several very large branches of the pneumo-gastric nerves. It is in 
these singular organs that the electricity is produced, by which the 
Torpedo can give violent shocks to those who touch them, and 
produce the same phenomena which in physical experiments 
result from an ordinary electric current ; such as sparks, che- 
mical decompositions, &c« These fish are less powerful than the 
Gymnotus ; but can nevertheless strike with sufficient force to 
benumb the arms of those who touch them ; and it is pro- 
bably by this means, that they seize their prey. It has been 
ascertained that this property is dependent on the posterior lobe 
of the Encephalon; and that by destroying this lobe, or by cutting 
the nerves which spring from it, the power of producing these 
shocks is destroyed. Several species exist in the seas which 
wash the shores of Europe. 

543. The electrical SUunu or Malapterurus inhabits the Nile 




Fig. 265.— Elbctric Malaptsrurub. 

and the Senegal ; its length is from about ten to fourteen inches; 
and it appears to derive the power of giving electrical shocks 
from a particular tissue situated between the skin of the sides 
and the muscles, and having the appearance of a laminated 
cellular tissue. The Arabs give to this fish the name of Raasch^ 
which signifies thunder, 

544. Fishes multiply by means of eggs ; and the number of 
these is sometimes immense, several hundred-thousands being 
often produced at a time. In general they have only a mucila- 
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ginous envelope, and are fertilized after they are laid. Some of 
these animals are, on the contrary, ovo-yiviparous ; but whatever 
may be the manner in which the young fisli are brought into 
life^ they are from the moment of their birth completely aban- 
doned to themselves, and many of them perish during the early 
period of their existence. There are a few species, however, 
such as the Gobies^ which make regular nests for their young, 
composed of sea-weed ; and tend them with great care. 

545. It is to the simultaneous development of an incalculable 
number of eggs deposited in the same place, and to the instinct 
which induces different fish to follow each other, that we are to 
attribute the union of certain species in immense and closely- 
packed legions, called by fishermen shocUs o/jfyh. We can hardly 
term these unions, societies ; the individuals of which they are 
composed do not assist one another ; the same wants to be satis- 
fied keep them in the same locality, or remove them firom it; 
and if we see them occasionally following an individual as a 
guide, it is probably the consequence of a tendency to imitation, 
which always accompanies the first dawnings of intelligence. 

546. However it may be, these animals, thus united in 
troops, often make long journeys, sometimes to gain the sea, 
sometimes to ascend rivers or to change their climate. Certain 
fish lead an almost sedentary life, and remain always in the 
locality where they were produced ; others are always wander- 
ing, and a great number of these animals periodically make 
journeys of greater or less length. At the time for spawning, 
they generally approach the coasts or enter the rivers ; and in 
this manner they sometimes effect an extremely long passage. 
Every year, towards the same period, large numbers of migrat- 
ing fish arrive in the same places ; and it is generally believed 
that several of these species regularly migrate from the north 
towards the south, and from the south towards the north, fol- 
lowing a determined route ; but perhaps it would be more true 
to believe, that when they disappear from the shores, they only 
retire into the greater depths of the sea. The Herring is one 
of the most remarkable fishes in this respect, as well as the most 
celebrated on account of the importance of the fisheries of which 
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it is the object. It inhabits the northern seas, and arrives every 
year in innumerable legions upon different parts of the coasts of 
Europe, Asia, and America, but never descends below the 45th 
degree of north latitude. Some naturalists think that all these 
shoab of herrings periodically retire beneath the ice of the polar 
seas, and set' out from this common retreat in an immense 
column, which, by subdividing itself, is spread out over nearly 
all the coasts situated above the parallel which we have men- 
tioned. They have even gone so far as to trace upon the chart 
the joume3dngs of these shoals ; but this long migration, and 
this common rendezvous in the arctic regions, are far from being 
demonstrated ; and there is reason to believe that these events 
do not take place in this manner. It is very near our coasts 
that the herrings deposit their eggs, and it is probable that the 
young very soon retire into the depth of the sea, and there 
direct themselves towards the north, where they meet in great 
abundance with the small Crustacea and AnimalculaB, which are 
fitted to serve them as food. In the spring, other wants bring 
them towards the shore, and cause them to seek shallower and 
warmer water. They collect themselves into immense shoals, and 
descend towards the south ; but after having arrived in the Baltic, 
upon the coasts of Holland, and even as far as Brittany, we do not 
see them retake the route to the north, to pass the winter 
under the ice of the pole, and to recommence in the following 
spnng their pretended periodical journey. 

547. However this may be, in the months of April and 
May, Herrings begin to show themselves in the waters of the 
Isles of Shetland ; and, towards the end of June and July, they 
arrive there in an incalculable number, forming large shoals, 
which sometimes cover the surface of the sea to an extent of 
several leagues, and which are several hundred feet in thickness. 
Soon afterwards, these fish are spread along the coasts of Scotland 
and England. During the months of September and October, 
they give place to larger fish ; and from the middle of October 
until the end of the year, they abound on the north coast of 
France, principally from the Straits of Calais to the mouth of 
the Seine. In July and August, they generally remsun in the 
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open sea ; but they then come into shallower water, and seek a 
convenient place for laying their eggs, where they remain until 
towards the month of February. The older Herrings deposit 
their spawn the first, and the younger ones afterwards; but 
temperature and other circumstances also appear to have some 
influence on this phenomenon ; for in particular localities, we 
find eggs during nearly the whole year. After this period they 
are thin and but little esteemed; fishermen then call them 
'^ shotten herrings.^^ Their multiplication is prodigious ; there 
have been found more than sixty thousand eggs in the abdomen 
of one single female of moderate size. We are told that their 
spawn sometimes covers the surface of the sea for a great extent, 
and at a distance appears very much as if saw-dnst had been 
spread there. Yery little is known of these fish at an early 
period. 

548. The Pilchard, the Mackerel, the Tunny, and the 
Anchovy, are also Fish of passage, which periodically visit the 
coasts, and give rise there to important fisheries. The Salmon 
is equally remarkable for its voyages : it inhabits all the arctic 
seas, and every spring it enters the rivers in large numbers, and 
ascends nearly to their source. In these migrations the Salmon 
follow a regular order ; forming into two long files united in 
front, and conducted by the largest female, who commences the 
march, whilst the smaller males form the rear-guard. These 
troops generally swim with a great noise in the middle of the 
stream, and near the surface of the water, if the temperature is 
mild, but nearer the bottom if the heat is great. In general 
the Salmon advance slowly and by leaping; but if some danger 
appears to threaten them, the rapidity of their swimming is so 
great, that the eye can hardly follow them. If a dyke or a 
cascade opposes their progress, they make the greatest efforts to 
overcome it. By supporting themselves against a rock, and 
violently bending their body in a bow, they throw themselves 
out of the water, and jump sometimes to a height of from 10 to 
16 feet into the air, so as to fall again clear of the obstacle 
which impeded them. The Salmon thus ascend rivers nearly to 
their source ; and then ^eek in the small streams.and quiet places a 
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bottom of sand and gravel, fit to deposit their eggs. Afterwards, 
when thinned and weakened hj so mnoh fatigue, they descend 
in autumn to the mouth of the river, in order to pass their winter 
in the sea. The eggs are deposited in a hole, which the female 
digs in the sand. The male then comes to fertilise them. The 
young Salmon grow very quickly ; and when they have attained 
to about the length of a foot, they leave the rivers to proceed to 
the sea, which they quit in turn to enter the streams, when they 
have attained the length of 16 or 18 inches, which is towards 
the middle of the summer that follows their birth. We have 
already seen that the Swallows, which at the approach of the 
cold season migrate towards the south, every year return into 
the same places. It appears that the Salmon has the same 
instinct. To ascertain this, a naturalist, named DesUmdes, placed 
a ring of copper on the tail of twelve of these fish, and set them 
at liberty in the river Auisou, in Brittany. Soon afterwards 
they all disappeared; but the following year, five of these 
Salmon were caught in the same place ; the second year, three ; 
and the year after, three more. 

549. The habits of Fish show but few curious peculiarities ; 
but the history of these animals ought nevertheless to interest 
us, if only on account of the fisheries to which they give origin. 
At a period which is not very far removed from our own, this 
branch of industry occupied a fifth of the population of Holland ; 
and for the herring-fishery alone, that country covered all the 
northern seas with its vessels. In England it has supported a con- 
siderable number of good and hardy sailors ; and even in France, 

where it has less 
importance, there 
are computed to be 
thirty or forty thou- 
sand fishermen, of 
which nearly a third 

Pie. ses.— Coo. . 

venture every year 
as far as Iceland and Newfoundland to seek for the Cod, a large 
and excellent fish, which abounds in those parts of the sea, and 
which is found ako, in a comparatively small number, in our 
own seas. 
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550. The clussification of Fishes most generally received is 
that of Cuyier, who made this group his peculiar study. It is 
founded upon the condition of the skeleton, and upon the struc- 
ture and arrangement of the fins. The first division of the class 
is into the Osgeotu and CarHla^fKmt Fishes ; and this division 
has reference, not merely to the quantity of earthy matter in the 
skeleton, but to the number of pieces of* which the jaws are 
composed. Although the Osseous Fishes are in many respects 
the most elevated in the scale, and have the most elaborately- 
constructed mouth, yet many of the Cartilaginous Fishes surpass 
them in the development of the cerebral hemispheres, which is 
probably to be regarded as a measure of their comparative intel- 
ligence (Anim. Physiol. § 452) ; and we find in many of the 
latter group, also, a curious modification of the reproductive 
apparatus, which enables the young animal to derive continued 
assistance from its parent. Yet it is in this group, also, 
that we find the very lowest members of the class, in which 
the vertebrated structure is almost completely lost sight of 
(§ 519). Thus we may regard the Osseous and Cartilaginous 
Fishes as forming two parallel series, neither of which can be 
regarded as above or below the other. Both are connected with 
the class of Reptiles by some very curious links. 

551. The sub-class of Osseous Fishes is divided in the first 
instance into the groups Acanthopterygii, or tpiny-finned^ and 
Malacoptbrtgii, or 9ofi-finned^ Fishes. In the former, the 
first portion of the dorsal, or the first dorsal fin (when there are 
two) always have spinous ra3rs (§ 523) ; of which there are also 
some in the anal, and at least one in each ventral. In the latter, 
all the rays, with the occasional exception of the first dorsal or 
the pectorals, are soft or jointed. The Acanthopterygii cannot 
be easily again subdivided, except into families ; but the Mala- 
copterygii may be divided into three orders, according to the 
position of the ventral fins. If these are situated under the 
abdomen, the fishes are Abdomimd ; if attached to the shoulder, 
they are Sub-braehial ; and if wanting, they are Apodal, Each 
of these orders, especially the first, contains numerous families. 

552. T]ie sub-class of Cartilaginous Fishes is primarily 
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divided into those having the extremities of the gill-filaments 
unattached (as in Osseous Fishes); and those having them 
fixed. The former group constitutes but a single order; but 
the latter is again subdivided into those which have the jaws 
moveable and adapted for mastication ;'*and those which have 
them soldered into a ring for suction. The latter are termed 
Cyclagtomi^ or circular-mouthed Fishes. 

553. The following Table will perhaps enable this arrange- 
ment to be more easily understood. We shall presently find, 
howevOT, that there are one or two small groups not included in 
it, which are separated from the rest by characters so remark- 
able, as perhaps to entitle them to be ranked as distinct orders. 

r Aeanihopterygii, spiny-rayed Acanthopterygii, 

Osseous < 



[^MaJacopierygiiy soft-rayed •• 



Ventral fins beneath \ ... . , 



sneathl 
meath 1 ^ 



ventral fins beneath \ « jl i «.• ^' 
shoulder ySub^achmiu 



Vwithout ventral fins Apoda. 

{gills free Sturiones. 

-.;n e^^A fjaw* moveable . Plagioiiomi. 

gills fixed jj^^ ^^y^ ^ ^ Cyclostomi. 

554. The class of Fishes is probably the most numerous of 
the whole Yertebrated series, both in regard to the number of 
fiamilies, genera, and species which it contains, and in regard to 
tbe number of individuals of the same species. The structure of 
a very large proportion of it has been but very imperfectly 
investigated; and of the habits of these animals still less is 
known. Instead, therefore, of giving a technical description of 
every family, such as will be found in Systematic Treatises on 
Zoology, we shall confine ourselves to a notice of those groups 
which are of most general interest, either on account of pecu- 
liarities in their structure, or their importance to Man. It has 
been calculated that, exclusive of lakes and rivers, the seas 
occupy full seven-tenths of the earth's surface. These seas yield 
food even to the depth of several hundred feet ; and, as there is 
no obstacle in the water to bar the movements of Fish, we see 
that their pasture-grounds are almost unlimited in extent. 
Different tribes are formed to inhabit different situations ; thus 
we have some Fish adapted to live in fresh- water only, — others 
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which can only live in salt-water, — and others, again, which can 
pass from the one to the other without inconvenience. Of fresh- 
water fishes, some are the inhabitants of rivers, others of lakes, 
whilst others prefer small streams. Of the marine fishes, some , 

keep near the shore, whilst others pass most of their lives in the 
open sea ; some, again, float near the surface ; whilst others 
never rise much above the bottom. It is probable that we might 
regard the deeper parts of the ocean as divided (so to speak) 
into strata^ each tenanted by certain species of fish ; for it is 
quite certain, that there is a particular range of depth, in which 
each species is usually found, and beyond which it seldom strays, 
either towards the surface or the bottom of the ocean. It is | 

among the Fishes of shallow waters, and those which habitually j 

tenant the higher stratum of the deep seas, that we find the i 

most beautiful display of colours ; those of deep waters are for i 

the most part comparatively dull in tint. This difference is 
probably due to the absence of light, which seems necessary to 
the development of the most brilliant colours; for the dimi- 
nution in the intensity of the sun^s rays, as they traverse water, j 
is very rapid. What may be the absolute depth of water^ at 
which all light ceases, and death and darkness reign, we have 
no direct means of ascertaining. It varies^ of course, with the 
latitude ; since, the more obliquely the sun's rays fall upon the 
water, the less will be the depth to which they will penetrate. 
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555. Of this Order, one of the principal families is that of 
PsRCiDiB, or Perches; of which the common Perch of this 
coimtry may be taken as an example. In this group, the body 
is oblong, and covered with hard or rough scales ; and the oper- 
cular bone is edged with spines or small teeth, which do not, 
however, extend over the cheek. The Perch is one of our most 
common fresh-water fishes, abounding in rivers, lakes, and 
ponds, especially such as are clear, and lurking imder the banks, 
or swimming near the surface. It is spread throughout the 



PERGIDiB, OR PERCH TRIBB. 29 

whole of temperate Europe, and is even found in Lapland ; other 
species are found in America, and in the tropical parts of the 
Old World. The food of the Perch consists of insects, worms, 
and small fishes, which it devours with great voracity ; and it 
may he rendered sufficiently tame, to take these from the hand. 
Like the Carp, it is very tenacious of life ; and will live for 
many hours if packed in wet moss, and occasionally refreshed 
with water. The Bcuw is a marine fish, nearly allied to the 
Perch in its general structure ; it is found on the whole line of 
our southern coast ; and associates in shoals, which at the spawn- 
ing time frequent the mouths of rivers, and even advance up the 
stream to a conriderable distance. It will not only live but 
thrive in fresh-water, if well supplied with food ; which, in its 
natural haunts, consists of small fishes and crustaceans. In 
these, and other species, the v^tral fins are placed immediately 
beneath the pectoral (Fig. 246) ; and Fish in which this arrange- 
ment exists, are characterised as thorack, — ^Other Percidae, how- 
ever, have the ventrals situated upon the throat, further forward 
than the pectorals ; such are said to be jugular. In this group 
we find the Trachinu^ or Weecer^ which has the first ray of the 
dorsal fin extended into a very long spine, and has also a strong 
spine on each operculum. This fish lies in the mud, and inflicts 
severe wounds with its dorsal spine, which the fishermen believe 
to have a poisonous power ; the bad character of the wound, 
however, merely results from the rugged nature of the instru- 
ment which inflicts it. Something of the same kind is the case 
with the Perch ; the sharp spines in its dorsal fin having been 
known to lacerate the fingers of those who handle them incau- 
tiously. — Another curious genus of this second group is the 
Uranoicopusy or Star-gazer; so called because the eyes are situ- 
ated on the upper surface of the nearly cubical head, and directed 
towards the heavens. Within the mouth, behind the tongue, is 
a long narrow slip, which the fish can protrude ; and which 
serves as a bait to attract the small fishes on which it preys, 
whilst it is itself concealed in the mud. One species inhabits 
the Mediterranean ; but none of the others are eaten. — A third 
division of the Percidao comprises those which are ahdaminal^ 
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having the ventral fins behind tlie pectorab. This group in- 
cludes the genns Polynemiu, which is characterised by the very 
curious extension of the rays of the pectoral fins into long fila- 
ments, which hang loosely on each side of the body, being some- 
times prolonged to twice its length, and giving it a very beautiful 
appearance. The fishes of this genus are found in the seas and 
rivers of tropical countries ; they are usually very brilliant in 
their colours ; and they are regarded as most delicious articles of 
food. The Mango-fish of the Ghmges is a species of this genns ; 
as is also the Suleah-fish of Bengal, to which attention has 
recently been directed, as affording in its air-bladder a large 
supply of excellent isinglass. — Besides the foregoing, there is a 
group of Percidffi, in which the ventral fins are placed still fur- 
ther backwards ; these are for the most part marine fishes, some 
of them inhabiting our own coasts, and others of larger size being 
natives of tropical seas. Among the former is the MuUus or 
SurmuUet ; which has been in great repute among epicures from 
the time of the Romans^ who used to feast thebr eyes upon the 
changes of colour which the Bed Mullet undergoes in dying, 
before they devoured its flesh. This genus is quite distinct 
from that of the Mullets properly so called. Of the tropical 
species one of the most remarkable is the Barracuda^ a large 
and voracious fish, which is nearly as much dreaded in some 
places as the Shark ; it is, however, a very palatable article of 
food. 

556. The next group includes a large number of Fishes 
nearly allied to the Perches, but having the head defended by 
spines and hard scaly plates. First among these we may men* 
tion the TrigUs or Gurnards ; of which we have several species 
on our own coasts ; they are known by the squared form of their 
heads, which aie covered with bony plates. The pectoral fins 
are usually large ; and in an allied genus, the Dactylopterus^ or 
Fljdng Qumard, they are of sufficient size to support the 
animal for a time out of the water (Fig. 250). The Onmards 
emit a curious grunting or croaking noise at intervals, when 
taken out of the sea ; and this they continue for some time. 
They are very tenacious of life; and mostly swim near the 
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bottom of the water. The swimming-bladder is usaally large, 
and iumished ¥nth powerful mascles for its compression. To 
this group also belongs the genus CoUus^ or Bull-head, which 
has a large and horizontally-flattened head, eyes looking upwards, 
and its skin almost destitute of scales, and of a dusky hue : it 
lurks among stones in the beds of rivulets ; and its food consists 
of aquatic insects or small worms. The Scorpcena^ or Hog-$sb, 
has the head flattened sideways, and armed with spines ; it is 
a marine fish, associating in shoals, and haunting the rocky 
shores. Allied to this is the Sebastes^ or Norway Haddock^ which 
inhabits the northern seas, and is an important article of food ; 
the Greenlanders use its long spines as needles. Also belongbg 
to this group is the Gasterosteiu^ or Stickleback, of which there 
are several species, some inhabiting salt water, and others fresh. 
The body has no proper scales, but is more or less plated at the 
sides ; and the abdomen ia covered by a sort of cuirass, formed 
by a union of the pelvic and humeral bones. The common name 
of these fish is derived from the circumstance, that instead of 
possessing two dorsal fins, it has only one, the anterior being 
replaced by a set of sharp spines varying in number ; whilst the 
ventral fin is in the form of a sharp spine without any rays. 
These fishes are active and rapacious, attacking other fishes with 
great ferocity, and devouring almost any small animal that 
comes within their reach. The Fifteen-spined StiMebadc has 
been seen to undergo remarkable changes in its hue, under the 
influence of terror. . 

557. We may pass over the Sclsnidjs, or Maigres^ and the 
Spabidjb, or Sea-Breams, to notice the Squamipennes, or Scaly- 
finned fishes ; which are thus designated, from the soft, and even 
the spiny, portion of the dorsal fins being so covered with scales, 
as not to be easily distinguished from the rest of their bodies. 
The body, too, is usually itself much compressed, or flattened 
laterally. The Chcetodons, which constitute the types of this 
&mily, are beautifully-coloured fishes of smgular figure, abound- 
ing in the seas of the hotter climates. Their most common tints 
axe black and yellow ; but metallic blues and greens are not 
unfreqaent. Sometimes the colours are disposed in spots ; but 
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mostly in stripes or bands. They generally haunt rocky shores; . 
and their flesh is considered excellent food. One species of this 
genns, the Chaiodon rattraluB^ is remarkable for the manner in 
which it obtains its insect prey, by shooting drops of water from 
its long snout, so as to bring them down within its reach. 
Another fish of the same family, called the Archer, will in this 
manner shoot drops of water to the distance of three or four feet, 
rarely missing its aim. These fish inhabit the seas around 
Java; and other species are found in di£ferent parts of the 
Indian seas. 

558. The next family, ScoMBSRiDEiB, or the Mackerel 
tribe, is one of the greatest importance to Man, from the large 
supply of wholesome and palatable food which it affords 
him. It consists of a number of species varying consider- 
ably in size; but distinguished by possessing a smooth 
skin, covered with a multitude of small scales; and by 
having a large and vigorous tail and caudal fin. They are 
divided into several groups, according to the form of the fins, 
tail, &c. In the first of these are associated the common 
Mackerely the Tunnyy and others, which are distinguished by 
having the hinder rays of the dorsal and anal fins separated 
into small fins. The Mackerel is remarkable for the beauty 
of its colours, in which it is almost pre-eminent among British 
fishes; and for the rapidity with which it dies and becomes 
tunted, when removed from the water. The periodical 
appearance of large shoals of this fish upon our coasts, was 
formerly imputed to its migration from north to south. But 
many facts are opposed to this idea; and there can be little 
doubt that it is an inhabitant of the deeper parts of the seas 
around our island through the whole year, and that its appear- 
ance on our coasts is solely due to its seeking the shore, for the 
purpose of depositing its spawn. It is during the months of 
May and June that this takes place ; and these months, there- 
fore, constitute the most active season for Mackerel fishing. 
This fish is most abundant on the southern coasts of England ; 
but instances have been mentioned, in which large shoals have 
been met with even off the coast of Greenland. — The Tunny is 
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a rare fish on the shores of Britain ; but it is very plentiful in 

the Mediterranean, and has been 
known and celebrated from the 
remotest period of antiquity, at 
which we have any mention of 
„ „„^ „ Fish by particular names. It is a 

Fig. 267.— Tunny. • - ^ -i « , , 

far larger and stouter fish than 
the Mackarel, though bearing a general reseitiblance to it in 
form; a specimen which was caught when chasing Herrings 
into Loch Fyne, measured 7 ft* 10 in. in length, and weighed 
460 lbs. The Tunnies, like the Mackarel, are dispersed through 
the ocean during most of the year ; but in the summer they resort 
to the shores in vast shoals ; and a fishery of great importance 
is then carried on along the north coast of the Mediterranean, 
and in the island of Sicily. The flesh of the Tunny, both fresh 
and salted, forms a considerable part of the food of the common 
people of those shores ; and the fishery constitutes a large source 
of profit to those who reside on the coasts. The Boniio or Striped 
Tunny^ also a native of the Mediterranean, and a rare visitant 
on our shores, is a very handsome fish, though smaller than the 
common Tunny ; it is further distinguished by its great activity 
and voracity, being one of the chief enemies of the Flying-fish ; 
and, in common with the Tunny, it can sustain a higher temper- 
ature than most other members of its class. 

55 8*. Another remarkable group of this family consists of the 
Sfcord-JUh and its allies, which have the muzzle elongated into a 
spike, which terminates in a sharp point, and constitutes a very 

formidable wea- 
pon. These fishes, 
of which there are 
several species,are 
usually furnished 
with a high dor- 
il fin, by the 

Fig. Sea-SwoRO-FisH. ^^^^^^ ^£ ^l^i^jj^ 

they are enabled to propel themselves through the water with 
great energy. They sometimes attain the length of 12 or even 
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15 feet ; and they do not hesitate in attacking very large fishes 
(the Tunny, for example), transfixing them with their powerful 
spear. Instances are on record, in which even Men have been 
thus destroyed ; and it has not unfrequently happened that a 
Sword-fish has struck a ship, and has driven its sharp weapon 
through the planking. In the Mediterranean, where one species 
of Sword-fish is not uncommon, it b regularly pursued by the 
fishermen ; and 'its flesh is much esteemed in some places as an 
article of food. It is seldom seen, however, in large numbers 
together. — A third group of the Scomberidese is characterised by 
having the rays of the first dorsal fin not connected, but existing 
as separate spines. Of this group we shall only stop to notice 
the Piht-fish ; which has been, from very ancient times, the 

subject of many 
fictitious state- 
ments. By the 
ancients it was re- 
garded as a sacred 
fish, from its being 
supposed to indi- 
Fio. 269.-PILOT-FI8H. cate their true di- 

rection to doubtful 
voyagers ; whilst, by sailors of the present day, it is commonly 
regarded as a guide to the Shark in its pursuit of prey, and is 
said to tempt it to take the bait which has been thrown out for 
its capture. Certain it is, however, that the Pilot-fish will often 
follow in the wake of ships for many hundred miles ; thus an 
instance has been known, in which a vessel was accompanied by 
two of this species, during its whole voyage from Alexandria to 
P]3rmouth, which occupied 87 days. The common Pilot-fish of 
the Mediterranean and Atlantic does not much exceed a foot in 
length ; but there is a species on the South American coast, which 
occasionally attains eight or nine times those dimensions. 

559. The family Zeidjbs strongly resembles the preceding ; 
but differs from it in the high and compressed form of the body. 
Many of the species composing it are remarkable for the fila- 
mentous prolongations of their fins. This is the case with one 




FAMILY ZEIDJE; — DORY. 



35 



of the types of the family, the Zeus or Dory^ the peculiar form 
and aspect of which will be better understood from the accom- 
panying figure, than from any technical distinction. This fish has 

been in great repute 
amongst epicures, 
even from the time 
of the Romans; it 
is not very com- 
mon upon our own 
coasts, being nearly 
restricted to Devon 
and Cornwall ; but 
it is more abun- 
dant in warmer lati- 
tudes. The name 
John Z)ory,by which 
Fm. 270— Thb Dory. it is commonly 

known in this coun- 
try, is evidently a corruption of the French ^awne (for^, or gold 
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and yellow ; which applies to the colour of its lighter parts when 

d2 
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the fish is alive. — Another fish of this family, no less remark- 
able for its form, is the Blepharis; of which one species, in- 
habiting the West Indian seas, is known under the appellation 
of the Cohhl&r-fish^ probably on account of the long thread-like 
appendages for which it is so conspicuous. The use of these curious 
appendages is altogether unknown. — With this family may also 
be ranked the Coryphoma^ or Dolphin of the ancients ; which is a 
large and splendidly-coloured fish ; celebrated for the velocity of its 
movements, and for the variety of tint which its surface exhibits 
under a play of light. The changes of hue which it undergoes 
when dying, were a source of great enjoyment to the luxurious 
Romans ; by whose poets this Fish was much celebrated. The 
Dolphin of the modems is not a Fish at all, but a Cetaceous 
Mammal (§211). 

560. The two succeeding families, — Tjenid^, or Ribbon- 
shaped Fiih, — and Thbutidjbs, or Lancet-Jish, — must be passed 
over with but slight notice. The peculiar characters of the 
former are indicated by their name ; the species of which it con- 
sists (some of them bearing a very close resemblance to the 
Scomberideas), being distinguished by their lengthened bodies, 
much flattened at the sides, and having very small scales. — The 
Lancet-fish combine the small scales of the Scomberoid family 
with the form and small mouth of the Chastodon ; but their fins 
are not scaly, like those of the latter. They are among the few 
Fishes, which live on sea-weeds and other marine vegetables. 
Several of the genera have sharp spines on the sides of the tail, 
which they can draw back into a groove ; with these they can 
inflict severe wounds upon the hands of those who touch them 
incautiously ; but they are peaceful in their habits, never volun- 
tarily making an attack, but contenting themselves with repel- 
ling the assaults of their enemies. 

561. The peculiar structure of the succeeding family, Ana- 
BASiD^, has been already mentioned (§ 538) ; and it adapts them 
to a mode of life which the circumstances of this climate do not 
render necessary. In cold or temperate regions, the ponds and 
streams, which are capable of supporting fish at all, are not dried 
up, except in seasons of extreme drought : but in tropical coun- 
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tries there- are many situations, in which there is an ample 
supply both of food and water for Fish during the rainy season ; 
but a complete deficiency of both, when this is succeeded by the 
periodical drought. Such receptacles can only be tenanted 
by Fish, which, like the Anabas, are furnished with the 
peculiar pharyngeal apparatus (Fig. 260) for keeping the gills 
moist ; since, when one pond or stream is dried up, they can 
migrate in search of another. In the course of these journeys, 
they climb up steep banks, and even trees ; and by a remark- 
able instinct, they seem always to travel towards the nearest 
water. This family contains a considerable number of genera, 
all of which are inhabitants of fresh -water; none have been 
liitherto found except in the south-east of Asia and the adjacent 
islands, and in Southern Africa. 

562. This family is succeeded by that of Mugilidje, or the 
true Mtdlets; which are distinguished by several remarkable 
peculiarities of structure. Their body is nearly cylindrical, and 
is covered with large scales ; the head is broad and flat, and is 
covered with large angular scaly plates ; and the stomach is fur- 
nished with fleshy walls, giving it a resemblance to the gizzard 
of a Bird. The Mullets associate in large shoals, and chiefly 
inhabit the mouths of rivers, where they are often seen making 
high leaps. They feed upon small Crabs and other Crustacea, which 
they swallow entire ; and the almost total want of teeth is com- 
pensated by the powerful gizzard, which serves to grind down 
their food. The Grey Mullet is one of those fishes, which, — 
habitually living at the mouths of rivers, where the salt and 
firesh waters mix, — will thrive well in the latter alone. 

563. We may next mention the Blemmid^, or Blennies^ 
which are elongated Fishes, having a single dorsal fin, almost 
entirely supported upon simple flexible rays. The ventral fins are 
placed in front of the pectorals, and have only two or three rays in 
each. They live in small troops near the coast ; and they can ex- 
ist for some time without water (their gill openings being small), 
especially if kept in moist grass. Many of this family retain 
their eggs until they are hatched within the oviduct ; so that the 
young are produced alive, fully formed, and capable of subsisting 



38 



BLENNIDiB; — ANARRHIGAS. — GOBIDA, OR GOBIES. 



for themselves. The AnarrhicaSy or Sea-Wolf, must be referred 
to this family, although differing from it in possessing no ventral 

fins, and in hav- 
ing the jaws 
and palate armed 
with large tuber- 
cular teeth. — 
This fish may be 
almost regarded 
as replacing the 
Sharks in the 
Arctic seas ; for 
it attains the 
length of six or 
seven feet, and is extremely voracious and bold. Its body, though 
massive, is adapted for active and energetic motion; and its power- 




Fio. 272.— Blsnny. 




Fig. 273.— ANABRHrcAs Lupus. 

ful bite makes it a very formidable enemy. It often enters the 
fishermen's nets, for the purpose of plundering them of the 
entangled fish ; and when the fishermen attack it, and it cannot 
dart through the net, it fights like a Lion. On the east coast of 
Scotland it is not an unfrequent visitor ; and its appearance and 
habits cause it to be regarded with great dislike ; nevertheless 
its flesh is wholesome and palatable. It is understood to prey 
indiscriminately upon Fishes, Crustacea, and shelled MoUusca; its 
jaws and teeth being capable of breaking the hardest shell. In 
the family Gobidjb, or Gobies, we find the same simple flexible 
rays in the dorsal fin, as in the preceding group ; but the ventral 
fins are united beneath the chest, forming a sort of conical 
sucker, which the Fish seem to use for the purpose of occasionally 
attaching themselves to solid bodies. They live, like the Blen- 
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niea, near the shore, and prefer a clayey hottom, in which they 
excavate canals, wherein they pass the winter. In spring, they 
prepare a sort of nest, with sea-weed ; in which the young (often 
produced alive, as in the Blennies) are protected ; and the 
parents exert themselves considerably to bring them food and to 
defend them from their enemies. Several species of Goby exist 
in the European seas ; but none of them are of much size, or of 
any direct value to Man. In other seas numerous genera exist, 
more or less allied to the Gobies of our own coasts. 

564. There are certain spiny-finned Fishes, in which the 
carpal bones are so elongated, as to form a sort of arm or wrist, 
to the extremity of which the pectoral fin is articulated. This 
conformation (an approach to which is seen among some of the 
Gobies) gives to the Fishes which possess it a very strange 
appearance ; and enables them, in some instances, to leap up 
suddenly in the water, and seize the prey which they observe 
above them ; in other cases to leap over the mud, somewhat 
after the manner of Frogs. From the very peculiar genus 
Lophiwy or Fishing Frog^ in which this character is combined 
with some others of a very extraordinary nature, the family 
may be designated as that of Lophiadje, or Anglers, The com- 
mon Angler of our own coasts has an enormous flattened head, 
which constitutes the chief bulk of the Fish ; and a tail so com- 
pressed on each side, that the creature seems composed of little 
else than head and tail. On the former, in front of the eyes, 
are two long rays or filaments of a homy substance ; and there 
are also four others of a similar nature, but shorter, on the head. 
The mouth also is furnished with numerous worm-like appen- 
dages ; which seem to represent the tentacula or prolonged lips 
of many Invertebrated animals. This animal is •described as 
concealing itself amongst marine plants, or behind hillocks of 
sand, rocks and stones; when it opens its great mouth and 
attracts small fishes as they swim past, by giving a wriggling 
motion to the appendages just mentioned, which causes them to 
mistake these for worms ; so that, in attempting to seize them, 
they fall an easy prey to their subtle and voracious enemy, 
being speedily engulfed between its enormous jaws. The 
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hideous appearance of its monstrous and constantly-open mouth, 
well armed with teeth, has gained for the Angler the vulgar 
name of Sea Devil. There are few parts of the British shores 
where it is not to he occasionally met with ; and when captured 
in nets along with other fishes, it speedily begins to swallow its 
companions. On some coasts it is sought for, on account of the 
live fish in its stomach. In the Museum of the College of Sur- 
geons in Dublin, there is a skeleton of an Angler^ about two feet 
and a half in length, in the stomach of which is the skeleton of 
a Cod, two feet long, — ^in whose stomach again are contained 
the skeletons of two Whitings of the ordinary size, — and in the 
stomach of each Whiting there lay, when it was first examined, 
numerous half-digested little fishes, which were, however, too 
small and broken-down to admit of preservation. The Frog- 
fish, with all these contents, had been taken by the fishermen, 
and offered for sale in the market as an article of food, without 
any reference at all to the size of its stomach, which was not at 
all unusual. The contained fishes must have been all swallowed 
on the morning on which the Angler was taken ; as they were 
all, with the exception of the smallest, equally fresh and undi- 
gested. — The Chironectes, or Hand-fish, bears a strong resem- 
blance to the common Angler in its structure and habits ; but 
its fins are still more capable of motion, enabling it to walk 
along the ground almost in the manner of quadrupeds, — the 
ventral fins, however, in consequence of their advanced position, 
serving as the fore-legs, and the pectoral fins performing the 
office of hind-legs. In some of the muddy estuaries of the north 
coast of Australia, from which the tide ebbs far back in the dry 
season, these Frog-fishes are abundant, and capable of taking 
such vigorous leaps, that those who have visited these places 
have, at first sight, mistaken them for birds. Their gill open- 
ings are very small ; and they can live out of the water for two 
or three days. They have the faculty of inflating their large 
stomachs with air, so as to give themselves the form of a bal- 
loon, — ^in this respect corresponding with the Diodon. 

565. The Labrid^, Wrasse or Rock-fish family, are chiefly 
remarkable for their thick fleshy lips ; their jaws are armed with 
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large teeth, and their colours are for the most part very brilliant. 
Several species are found upon our own coasts, but they are not 
in much repute, and are known among the fishermen by the 
name of " Old Wives of the Sea." They chiefly frequent rocky 
shores, as their name implies. — This family also includes the 
remarkable genus Scarus or Parrot-fish ; which is furnished with 
large convex rounded jaws, and these are covered with hard, 
scale-like teeth, which succeed each other from the rear to the 
front in such a manner, that the bases of the newest form a 
cutting edge. Numerous species of these fish inhabit tropical 
seas ; many of them are remarkable for the brilliancy of their 
colours, whence, perhaps, their ordinary name has been derived. 
These Fishes appear destined to restrain the extension of the 
stony Corals, on the newest layers of which they are enabled, 
by the immense strength of their jaws and teeth, to browse 
without difficulty, — digesting the animal matter it contains, 
and setting free the carbonate of lime in a chalky state. 

566. The last family of Acanthopterygii is that of Fistu- 
LARiDiB, or pipe-motUhed Fishes; so named from the curious 
conformation of the head, which is furnished with a long tube 
projecting forwards, and having the mouth with its jaws at the 
extremity of this. There is no other point, however, in regard 
to which they demand peculiar notice* 
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567. The Cyprinid^, or Carp tribe, constitute the first 
family of this order; they are characterised by their small 
mouth, and by their feeble and generally toothless jaws ; but they 
have the pharynx strongly toothed, which compensates in some 
degree for the feeble armature of the jaws. They are for the 
most part fresh-water fishes, and live on aquatic plants. These 
are masticated in the pharynx, which is a powerful instrument 
of reduction, being furnished with strong muscles, that bruise 
the food between its teeth and a stony disc fixed at the base 
of the skull. The common Carp was not originally a native of 




Fig. 274 — Baabki.. 
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this country, but was introduced from the South of Europe ; it 
thrives very well, however, in the most slow-running parts of 
rivers, and still better in ponds, sometimes attaining the lengtli 
of four feet. The beautiful little Gold and Silver Fish, belong 
to a small species of Carp, which is very much disposed to pass 
into varieties. Nearly allied to these are the Barbel, which 
sometimes at- _^_ ^ . — 

tains the length ^^-^^^k^^ 

of ten feet; it -^^^^^^ -- ■> ^- 

inhabits ponds 
and sluggish 
streams; and is - 
said to plough ^ 
up the mud - 
with its long 
snout, so as to 

set adrift in the water the minute animals imbedded in it, and 
thus to attract the small fishes on which it is itself supported. 
The Gudgeon, Tench, Bream, Roach, Bleak, Minnow^ and many 
other well-known pond and river-fishes, belong to this family ; 
as do also the Loach, which habitually buries itself in mud when 
the weather is cold ; and the Anableps, which is remarkable for 
being apparently possessed of four eyes. This is not, however, 
really the case ; for although the cornea and iris are divided by 
transverse bands, so that there are two pupils on each side 
(Anim. Physiol. § 533), yet the other parts of the eye are 
single. The female of this species brings forth her young alive, 
in a state of considerable advancement. 

568. The family EsociDiE, or Pike tribe, is nearly allied to 
the preceding ; but differs in having the jaws and palate usually 

beset with teeth, and in the 
voracity of the fishes which 
it includes. Many of these 
are inhabitants of fresh 
waters ; others occasionally 
ascend rivers ; whilst others again are confined to the sea. The 
common Pike is well known as being one of the most voracious 




Fig. 275.— Pikb. 
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and destructive of all the smaller fishes. Mr. Jesse mentions, 
that eight Pike, of about 5 lbs. weight each, consumed nearly 
eight hundred Gudgeons in three weeks ; and that one of these 
devoured five Roach, each about four inches in length, within a 
quarter of an hour. The Pike not only makes havoc among 
other fish, but will devour frogs, water-rats, field-mice, and the 
smaller aquatic birds ; and instances are on record, in which 
it has even attacked Man. It grows rapidly, and sometimes 
attains the weight of more than 30 lbs. It is a very long-lived 
fish., — having been known to attain the age of 90 years, — 
and having in one instance (there is reason to believe) lived to 
the patriarchal age of 26? years, and attained the length of nine- 
teen feet. — ^The Gar-fish^ or Sect-Pike^ has a much more elon- 
gated mouth, which is not so well furnished with teeth. It is 
quick and active in the water; swimming with considerable 
rapidity near the surface, and leaping and gambolling as if in the 
exuberance of vivacity. This fish comes in shoals to the south- 
em coast of Britain, in the months of April and May ; and from 
its appearing a short time before the Mackarel, it is termed by 
the fishermen the Mackarel-guide. It is not in much esteem as 
an article of food. — To this group also belongs the Eaocetug, 
best known as the Flying-juh ; which is remarkable for the 
enormous development of its pectoral fins, and for its power of 
sustaining itself upon them out of water. It is necessary to 
bear in mind that the term Flying-JUh has been applied to this 
genus, in common with the Flying Guma/rd (§ 555) ; and that, 
although really so different, they have been continually con- 
founded together in the accounts of voyagers. The term Flying- 
fish ought to be restricted to the Exocetus ; which is the one 
that best deserves it. Various species exist in different parts of 
the seas of warm latitudes ; and our own coast has been occa- 
sionally visited by them. As elsewhere stated (Anim. Physiol. 
§ 667), their flight through the air seems entirely to depend 
upon the impulse they receive from the stroke of their fins upon 
the water, at the moment of quitting it. They are to a certain 
degree supported by their wing-like fins, while sailing through 
the air ; but they do not seem able to raise or to propel them- 
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selves by striking them against it. The most usual height of 
their flight is from two to three feet ; but they have occasionally 
been known to spring to a height of fifteen or even twenty feet. 
The utmost length of their flight seems to be between two and 
three hundred feet ; and its extreme duration about thirty seconds. 
Few spectacles are more beautiful, than the sudden rise of a shoal 
of Flpng-fish from the gently-undulating surface of the tropical 
ocean, — ^their scaly surface and extended fins glistening in the 
bright sunshine with all the Varied hues of the rainbow, — and the 
graceful curves in which they move at last terminated by a return 
to their native element, from which they presently again spring 
up with renewed vigour. These airy excursions are commonly 
regarded as occasioned by the pursuit of Dorados, Bonitos, and 
other fishes of prey ; but this b probably by no means the case, 
for the Flying-fish seem frequently to rise from the water for the 
mere sake of exercising, with pleasure to themselves, those powers 
of movement with which they are endowed, — just as we see 
other fishes gambolling about in their usual medium. Whilst in 
the air^ they are often seized upon by the long-winged sea-birds. 

569. The next family, Silurid^, or Silure tribe, is distin- 
tinguished by the want of scales, having only a naked skin, in 
which large bony plates are frequently imbedded. Many of 
them have the adipose or fatty second dorsal fin, which is a pro- 
minent character of the next family. The species included in 
this group are mostly river-fish, of considerable size, inhabiting 
warm climates. Many of them have the first ray of the pectoral 
fin very strong and bony ; and the fish can, at pleasure, lay it 
flat on the body, or keep it fixed in a perpendicular direction, in 
which case it becomes a formidable weapon, capable of inflicting 
very troublesome wounds. There is no sufficient reason, how- 
ever, to believe that these wounds are venomous. — The Malap- 
terurui^ remarkable for its electrical powers, has been already 
noticed (§ 543). 

570. The two remaining groups of this order are of great 
importance to Man, from the large supply of wholesome and 
palatable food which they yield. The first of these is the family 
Salmon iDJE, or Salmon and TrotU tribe ; which is characterised 
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by having all the rays of the first dorsal fin soft or jointed; 
and the second dorsal entirely adipose, being merely a fold of skin 
inclosing fat. The species of this family are at once distin- 
guished from the SiluridaB, by having the body covered with 
scales ; they are generally very muscular, and possessed of great 
strength ; and they are voracious in their habits, feeding rather 
upon Insects, small Crustacea, &c., than upon other Fishes. 
The diflferent subdivisions of the group vary considerably in 
regard to the position of the fins, and the degree in which the 
mouth is armed with teeth. Most of them frequent the estuaries 
of rivers, and ascend the stream at regular periods to deposit 
their spawn in its higher parts ; and it has been ascertained that 
the same fish and their descendants resort in successive years to 
one particular locality. Nearly all the members of the family 
are clouded with transverse dusky patches when very young, and 
undergo considerable changes in their livery before they arriVe at 
their full growth. Hence there is much difficulty in determining 
their species; which is increased by the circumstance, that the 
male, in many instances, appears to be capable of propagation long 
before arriving at its full growth. The Salmon of our own 
rivers is one of the largest of the whole family ; but in conse- 
quence of the eagerness with which it is pursued by fishermen, 
it does not often attain its full size in this country. Enor- 
mous specimens, however, are now and then captured ; a weight 
of 40 lbs. does not seem very uncommon ; and in 1821, a speci- 
men was exhibited in London, weighing 83 lbs. The usual time 
at which the Salmon leaves the sea, is the autumn ; it ]:emains 
in the rivers during the winter ; and returns to the sea, after 
having deposited the spawn, in the spring. The young fry, 
termed Smalts, are carried down to the sea in the months of 
April and May. In some rivers, however, they do not make 
their ascent until the winter ; and in others they even delay it 
until the spring. These variations appear to depend upon 
difierences of temperature in the rivers themselves ; since, when 
these are very cold, the fish avoid passing the winter in them. 
Before depositing its spawn, the Salmon makes a furrow with 
its nose in the gravelly bed of the river ; and its eggs, when 
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deposited in this, are carefully covered up. The common Trout is 
entirely a fresh- water fish, delighting in rivers which have a 
rapid current, and abounding also in many stream-fed lakes ; it 
lurks during the day in the deep pools, under the shadow of large 
stones, or under precipitous banks ; and becomes active towards 
evening, when it begins eagerly to pursue its prey, which seems 
to consist especially of Insects and aquatic LarvsB, and of small 
Crustacea, — but also of small fishes, and the ova of the larger 
ones. — The Char is considered as having the most delicate 
flavour of any of the fishes of this family ; it is a lake fish, and 
is not very common in this country. — The Smelt resembles the 
Salmon in its habits, but is much smaller ; it has been found, 
however, to thrive very well when confined to fresh water. — 
Several other genera exist in various parts of the world ; some of 
them approach other families in their general structure^ and are 
exclusively marine in their habits. 

571. The only remaining family of this order is that of Clupei- 
D^, OT Herrings^ and their allies. These have a scaly body like the 
Salmon's, but no adipose dorsal fin ; and there is also a difier- 
ence in the arrangement of the bones of the jaws. They are for 
the most part marine fishes ; only a few species, as the Shad 
and White Bait, ascending rivers periodically like the Salmon. 
The habits of the common Herring^ in regard to its reputed 
migrations, have been ahready noticed (§ 546) ; notwithstanding 
the very circumstantial account given by Pennant, and copied 
by later authors, it seems now to be well established that the 
only migration of the Herring is from the deep seas to the shores 
at the spawning season, and from the shores to the deep seas 
when this is over. It is a curious and perplexing circumstance, 
that the shoals of Herrings do not continue to resort to the same 
localities ; but that they will leave some parts of the coast which 
they had been accustomed to visit with regularity, and will make 
their appearance on others which they had not previously fre- 
quented. Their food consists of small Crustacea and Fishes ; 
and it appears that they do not spare the young of their own 
race, five small herrings having been found in the stomach of a 
large female. They usually swim near the surface of the water ; 
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and, like other fishes whose habit is the same, their giil-openings 
are large, their respiration considerable in amount, their muscular 
energy great, and their demand for oxygen so constant, that, 
when taken out of the water, they speedily die. The Pilchard^ 
Sprat^ Shad^ White-Bait^ Sardine, and Anchfyoy^ are all more or 
less closely allied to the Herring, — the last departing from it 
most widely. The range of the Pilchard, which abounds on 
the Cornish coast, is more southern than that of the Herring ; 
and the Anchovy and Sardine replace the Herring in the Medi- 
terranean, where 
it is unknown. 
The importance of 
the Herring and' 
« c^a A Pilchard Fisher- 

FiG. 276.— Anchovy. 

les IS very great. 
Some notion of it may be formed from the fact, that nearly 
500,000 barrels of herrings only have been cured in one year ; of 
which more than half were exported. . The number of persons to 
whom this Fishery gives employment in various ways, must, there- 
fore, be very considerable, though it cannot be exactly estimated ; 
and the value of the product as an article of export trade is very 
important. The total number of persons directly employed in 
the Cod and Herring fisheries of Britain, Us Fishermen, Coopers, 
Curers, &c., was nearly 87,000 in the year 1836. Of the extent 
of the Pilchard fishery some idea may be formed from the fact, 
that about 12,000,000 of these fish have been sold for home 
consumption alone in a single year ; and it is said that more 
than this number have been brought into one port in a single 
day. The principal centre of the Herring fishery is at Yarmouth 
in Norfolk ; that of the Pilchard fishery is the neighbourhood of 
the Land's End. 

572. With the preceding order is arranged by Cuvier the 
Lepidosteus or B<my Pike, which has many of the characters of 
the Pike, with the structure of the head of the Herring. It 
differs from both these, however, in having the body covered 
with a case composed of dense bony square scales ; which are so 
fitted together as to form a most complete armour. An in- 
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creased knowledge of its internal structure, however, and of the 
fossil species most nearly allied to it (which are very numerous 
in the older rocks), has led to a very di£Ferent position being 
assigned to it. Its skeleton differs in many particulars from 
that of ordinary Fishes, and presents several points of resemblance 
to Reptiles ; and this approximation is equally remarkable in 
the structure of the respiratory apparatus, — the air-bladder being 
double, and communicating with the oesophagus by a regular 
trachea or wind-pipe, furnished with a glottis at its upper ex- 
tremity, so as to be nearly as complete as the lungs of the 
Siren. In regard to the order of Sauroid fishes, of which this is 
nearly the only genus at present remaining, but which was 
once the predominant group of Fishes, more will be said 
hereafter (§ 582). The Lepidosteus is an inhabitant of the 
rivers and lakes of America, most of the species being restricted 
to its warmer parts. 
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573. The Fishes of this order, from the position of their fins, 
have greater facility of ascending and descending, than the ab- 
dominal fishes ; and the range of depth inhabited by the same 
animal is consequently greater, — except where, as in the Flat- 
fish, there is a peculiar adaptation to a residence at the bottom 
of the sea. The first family is that of the Gadidje, or the Cod 
tribe ; which have a long body, rather slender, and covered with 
soft scales, — the head, however, being naked. They live for the 
most part in the seas of cold or temperate climates ; and from 
their size and their tendency to congregate in particular localities, 
as well as from the wholesomeness and good flavour of their flesh, 
they are probably more important to Man than any other family 
of Fish. The Cod fishery on the banks of Newfoundland sends 
a vast supply to almost every part of the world ; and the amount 
caught on the British shores also is very considerable. The 
appearance and quality of the fish vary considerably according 
to the nature of the ground on which it is taken. Its repro- 
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ductive powers are enormous ; • the roe of a single female 
haying been estimated to contain nine millions of eggs. Nearly 
allied to the Cod, are the Haddock, Whiting^ Hake, Lingy Rock- 
ling^ Coal'JUhy and others* The first of these is considered as 
the most delicate of the whole fEunily, when fresh ; but it does 
not take salt well ; and for preservation, the Cod and Ling excel 
the rest. 

574. The second family of this order consists of the Pleuro- 
NECTiBJS, or FUu-fiih, These present several remarkable pecu- 
liarities of structure ; by which they are distinguished, not only 
from all other Fishes, but even from all other Yertebrated animals. 
Their body is extremely compressed, or flattened at the sides ; 
the animal, however, does not habitually swim with these sides 
erect in the water, but usually lies flat on the bottom, one side 
being in contact with it, and the other being directed upwards. 
The lower side is generally white, whilst the upper is brown ; 
and the former is commonly (but erroneously) regarded as the 
belly of the fish, and the latter as its back. The dark colour of 
the upper surfiice harmonises with that of the bed on which the 
fish lie ; so as to enable them to conceal themselves from their 
foes, or to watch for their prey, without being themselves ob- 
served. Individuals are occasionally met with, in which both 
sides are coloured alike ; these are said to be '^ Doubles." It is 
usually the coloured side which is doubled ; though it is occa- 
sionally the white one. By a change in the position of the 
head, both the eyes are brought round to the light side, so as to 
look upwards, when the fish is lying on the bottom ; this change 
may be designated as a sort of twisting-round ; but it also in- 
volves an unequal development of the bones on the two sides of 
the head, which shows itself in the mouth. Of the pectoral fins, 
too, one is usually larger than the other. The dorsal fin is con- 
tmued along the whole of the ridge of the back, from the head 
to the tail ; and the anal fin usually forms a like continuous ex- 
pansion below, sometimes uniting with the ventral fins. These 
fishes have no air-bladder, and they seem to have little power of 
rising from the bottom. When disturbed, they will raise them- 
selves into a vertical position, so as to show their white sides ; and 
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they then dart along with great rapidity ; but they soon return 
to their usual posture, and glide along with a sort of undulating 
motion, at a little distance from the bottom. The Flat-fishes 
are very tenacious of life ; and the flesh of all of them is very 
palatable. That of the Turbot is considered as the most delicate 
afforded by any marine fish. Although most of the species 
are exclusively marine, yet the Flounder and some others 
occasionally ascend rivers, and thrive in brackish, or even in 

quite fresh water. The Plaice^ 
Flounder, Turhot, Dab, Fluke, 
Brill, Sole, and other well 
known fish of this family, are 
closely allied to each other, 
both in structure and habits ; 
and they are all inhabitants 
of British seas. The Halibut, 
Fio. 277— plaick. *1so an inhabitant of the 

Northern seas, is larger than 
any one of these, attaining a length of six or seven feet, and a 
weight of 300 or 400 lbs. Its flesh is rather coarse and dry, but 
it admits of being salted. In some of the Mediterranean species, 
the eyes look towards the left side, instead of towards the right ; 
the latter, though the ordinary rule of the family, is sometimes 
departed from in other species ; the individuals that exhibit the 
unusual formation, being said to be " reversed.**' As an in- 
stance of the extent and importance of the Fisheries, of which 
this family is the object, it may be mentioned that the Dutch 
draw about 80,000/. per annum, for the supply of Turbot alone 
to the London market ; and it is estimated that, of the whole 
quantity brought to Billingsgate, the Dutch is not more than 
one-fourths 

575. The third and last family of the second division of Soft- 
rayed fishes, is but a small one ; and consists of a group which 
is characterised by the union of the ventral fins into a sort of 
sucker, or disc, that enables them to form a strong adhesion to 
rocks and other hard substances. In this manner they can 
remain and find their food, in^situations where every other 
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species of fish would be swept away by the current. From this 
curious conformation, they have received the name of Discoboli. 
Their skin is slimy and naked, or with hard grains imbedded 
in it. Their pectoral fins are large ; and they swim with great 
vivacity in shallow water, and near coasts. Several species of 
this family, most of them small, are found on the south and west 
coasts of England. One of the largest is known as the Lump- 
fish ; this is found as far northwards as the margin of the Polar 
ice, and is a palatable article of food ; its name is derived from 
the clumsiness of its form, its height being about half its length, 
and its thickness about half its height. The Remora, or Suck- 
ing-fi^h^ (§ 529), is placed by Cuvier in this family, although 
its disc, or sucker, is so entirely different in its position ; but 
he remarks, that it might be placed by itself, as the type of a 
distinct family. 
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576. The fishes in which the ventral fins are always wanting, 
form but a single natural family ; Mur^nid^, or the Ed tribe. 
These are at once known by their long, slender, snake-like 
bodies, covered with a soft skin, and having the scales very 
minute, and often almost invisible. The gill-orifices are very 
small, and are prolonged far back, po that a sort of long passage 
is formed from the branchial chamber to the surface of the body. 
In this manner the gills are so much sheltered, that the fish can 
remain out of the water for a considerable time, without those 
organs being rendered unfit (by becoming dry), to carry on the 
respiration. Of course, the access of water to the gills cannot 
at any time be so free, as it is in fishes with large gill-openings ; 
and their respiration may be habitually less. It is in animals 
with a feeble respiration, as has been already remarked in the 
case of Reptiles, that we find the greatest tenacity of life ; and 
every one knows the difficulty with which the Eel is killed — ^the 
most cruel injuries being sustained by it without the loss of its 
vitality. The ordinary Eels, of which there are several species, 
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inhabit ponds, riyen, and the bnuskidi water at the mouths of 
riTeis. In the antamn they make their way to the sea in vast 
numbers; for the purpose, it is believed, of depodting their 
spawn. Myriads of minute Eels, three or four inches long, are 
seen in the spring, making their way up riTers, and dispersing 
into the tributaiy streams as they proceed ; but whether the 
parent Eels thus return is uncertain. It is well known that the 
Eels which inhabit inland lakes and ponds, whence they cannot 
escape to the sea, are able to breed without this migration ; bat 
it appears that their season is somewhat later, the water in such 
situations being colder than that of the sea in the early spring. 
Eels frequently quit the water, in warm, damp nights, and 
wandar oTer the grass ; either in quest of worms, frogs, or other 
food ; or in order to change their locality. — Many of this family 
are chiefly marine; though they occasionally stray into the 
mouths of rivers : this is the case, for instance, with the Conger^ 
which is one of the largest of the whole order, sometimes mea- 
suring six feet in length, and being as thick as a man'sifeg. — 
The QpAtnirttf, or Snake Ed (so called from its strong resem- 
blance to a serpent) of the Mediterranean, attains the same 
length, but is not so thick. In the genus MurcBna, and its allies, 
the pectoral as well as the ventral fins are wanting ; and the gill- 
openings are extremely small. This, too, is a Mediterranean fish ; 
it was much esteemed by the ancients, who kept it carefully in 
ponds ; and there is a well-known story of a cruel master, who 
caused his offending slaves to be flung alive into the ponds, to 
feed the MursBnflB. The common species grows to the length of 
three feet or more ; its surface b mottled brovni and yellow ; and 
it is very voracious and ugly. In some of the genera nearly allied 
to this, the gill-passages unite, so as to open externally by a 
single orifice on the under side of the neck ; and in several of 
these, we find the air-bladder almost as completely presenting 
the characters of a rudimentary lung, as in the Sauroid Fishes 
(§ 588). 

577. The Gymnoii, or Electric Eels (§ 540), and their aUies, 
have been separated from the preceding family by some natu- 
ralists, on account of the less complete inclosure of the gUl-covers 
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by the skin, and of the absence of the dorsal fin (Fig. 262). It 
is to the true Gymnotus, that the electric power is confined ; and 
the group includes several other genera, of which some belong to 
the British seas. Of these may be mentioned the Leptocephalus^ 
or Morris^ which is a small riband-shaped fish, with a body so 
thin and transparent that its internal structure can be seen with- 
out dissection ; it lurks among sea- weeds, and is very lively in 
its motions. The AmTwdt/tes^ or LaunceSy — one of which is known 
to fishermen by the name of the Sand-Eel, and another as the 
Sand-Launce, — are remarkable for their habit of burrowing in 
the sand, in which they find the worms that constitute their chief 
food. They become in their turn the prey of the Salmon ; to 
whose support, whilst they are in the estuaries of rivers, the 
Launces are believed to contribute largely. 
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578. This order consists of a small group, which is separated 
from all other Osseous Fishes by the structure of the gills ; which, 
instead of hanging from the branchial arches in fringes of parallel 
fibres, disposed like the teeth of a comb, are set upon them in 
small round tufts, arranged in pairs. From this peculiar con- 
formation, the name of the order, which signifies tuft-gilled^ is 
derived. The gills are defended by a large operculum, which is 
attached by a membranous covering on all sides, except at one 
part where a small hole is left for the escape of the water. These 
fishes are also distinguished by having their body covered with 
shields or small plates, which often give it an angular form. In 
general they are of small size, and often without flesh. They 
do not present many points of general interest ; but there are 
certain peculiarities in their organisation, which are very interest- 
ing to the Naturalist. In the Syngnathus^ or Pipe-JUh^ which 
has a prolonged muzzle like that of the FistularidsB (§ ^QQ)^ the 
eggs are not deposited as in other Fishes, but are conveyed 
into a sort of pouch, formed by a doubling of the skin under the 
body of the male ; this pouch is under the abdomen in some 
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species, and at the base of the tail in others. In this pouch the 
eggs become matured ; and when the fry are ready to escape, it 
opens and allows them to pass out. This contrivance reminds 
us of the pouch of the Marsupial Mammalia ; but there is this 
striking difference, that in the latter it is the Female which affords 
this protection to the young, whilst in the Pipe-fishes it is the 
Male. It has been asserted that, even after the young have 
quitted the pouch, they will return to it again ; and that the 
parent shows great attachment to them. The Hippocampus 
(Fig. 259) has a prehensile tail, unfurnished with any finny 
expansion ; and is enabled by its means to climb or hold on by 
the stalks of marine plants. It is only in the dead specimen, 
that the neck acquires the peculiar bend^ which gives its head the 
resemblance to that of a Horse, from which its name is derived. 
The Pe^aitM, though furnished with a snout, has the mouth 
beneath it ; the pectoral fins are large, and are spread out in a 
wing-like manner ; whence these curious Fishes have derived 
their name, which signifies Flying Horses. 



Order VI.— PLECTOGNATHI. 

579. We next come to another small order, which forms a 
connecting link between the Osseous and Cartilaginous fishes. It 
resembles the latter, in having the upper jaw attached to the 
cranium, in such a manner as to possess but little power of 
motion (whence is derived the name of the Order, which means 
having the jaws soldered), and also in the imperfect ossification 
of the skeleton. Still, in its general conformation, the skeleton 
rather resembles that of the bony fishes. The gill-lid is con- 
cealed under the thick skin, as in the preceding Orders ; and 
there is but a small gill-opening on either side : the ribs are 
scarcely developed. This Order includes two families, which are 
distinguished by the structure of their teeth. In the first of 
these, the GymnodarUeSy or Fishes with naked teeth, the jaws are 
shaped like the beak of a Parrot ; and are composed of parallel 
plates of a substance resembling ivory. These are reproduced as 
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fast as they are destroyed by wear ; and they coDstitnte very 
efficient instruments for grinding down the food on which these 
animak live, — which consists of Crustacea and sea- weeds. To this 
family belong the Globe-fishes ; which are so named from their 
power of distending themselves into a spherical form, by inflating 
with air a large sac contained in the abdomen. When thus 
distended, they float along the water with the back downwards, 
swimming onwards by means of their pectoral fins ; and they are 
covered with a series of large spines, which are raised up when 
the body is thus inflated, so as to form a very efficient means of 
defence. From this last circumstance, these Fishes have been 
sometimes termed Porcupine-fish. There are three genera in 
which this curious power exists ; the Diodon (two-toothed), in 
which there is no furrow or division in the jaws, so that each 
seems like a single tooth; — the Ttiodon (three-toothed), in 
which there is a division in the centre of the upper jaw ; so as to 
divide it, as it were, into two teeth ; — and the Tetrodon (four- 
toothed), in which there is a division of this kind in each jaw. 
Besides these, this family contains the Orthagoviscus^ or Sun-Jish 
(so named from its rounded form), which looks like the anterior 
half of a fish cut in two in the middle. It has the power of 
floating with its head and eyes above water ; but not of distend- 
ing itself with air ; in this state it moves along sideways, very 
slowly, however ; and appears like a dead or dying fish. The 
Sun-fish (or Moon-fish, as it is sometimes ealled) attains a con- 
siderable size ; of the short species, which is most remarkable 
for its peculiarity of form, individuals have been frequently 
caught measuring four feet in length, and nearly as much in 
breadth, and weighing 400 lbs. ; and it has been stated occa- 
sionally to attain double that weight. 

580. In the second family, that of Balistid^, or FUe-fishes^ 
the jaws are armed with a small number of distinct teeth ; the 
skin is either rough, or covered with very hard scales, — whence 
their name, and the mouth is prolonged into a sort of pyramid. 
In their general form, and in the brilliancy of their colours, they 
bear a considerable resemblance to the Chsetodons (§ 556) ; and, 
like them, they inhabit the seas of warm regions, keeping near 
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the surface, or in the neighbourhood of rocks. Some of them 

are remarkable for the appendages with which the body is 

furnished, which are 
especially striking in 
the Balutes penciUi- 
geruB; their use, how- 
ever, is entirely un- 
known. — The Osira- 
cions^ or Trunk-JUhes^ 
should probably be 
placed in a distinct 
family, so remarkably 
are they distinguished 
by the mode in whch 
the body is protected. 

The head and body are covered with plates of bone, soldered 

together in such a manner as to form an inflexible cuirass; 

leaving only the tail, the 

fins, the mouth, and a small 

margin of the gill-opening, 

capable of motion, — all of 

which moveable parts pass 

through openings of the 

cuirass. The greater part F,a. 279.-tkukk-Pi8h. 

of the vertebras also are 

soldered together. There are no ventral fins, and the dorsal and 

anal are small and are placed far back ; there is h'ttle flesh ; but 

the liver is large, and abounds in oil. The surface is often 

armed with spines. No species of these singular Fish are known 

in the British seas. 
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-CHONDROPTERYGII BRANCHIIS 
LIBERIS. 



581. We are now arrived at the true Cartilaginous fishes 
(§ 525) ; of which the first order so far resembles the Osseous 
group, that the gills are connected externally with a single wide 
opening on each side, furnished with an operculum, or gill-cover. 
All the Fishes of this order are considered by Cuvier as be- 
longing to a single family ; but they may be probably better 
arranged under two families, the Acipenserid^, or Sturgeons^ 
and the Chiblerid^, or ChimcBras, — the former having more 
afl&nity to the Osseous fishes, and the latter to the Sharks. The 
body of the Sturgeon is more or less covered with bony plates, 
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arranged in longitudinal rows ; and the head is armed with the 
same. The mouth is situated beneath the elongated muzzle, and 
is small and toothless. The air-bladder is very large, and com- 
municates by a wide opening with the gullet ; and in this, and 
other points of their internal conformation, the Sturgeons show 
a considerable approach to the Lizards, whence they are ranked 
among the Sauroid fishes (§ 588). The form of the tail is 
another mark of resemblance ; for the vertebral column is con- 
tinued into the upper portion of the caudal fin, the lower one 
being given off from its underside, — instead of stopping short at 
its commencement, and sending off the upper and lower portions 
of the fin in the same manner, as in nearly all other Fishes 
(Fig. 246). Sturgeons, like Salmon, ascend large rivers for the 
purpose of spawning; and they are the subject of valuable 
fisheries. They are more abundant in the Continental rivers 
than in those of Britain ; and are particularly numerous in those 
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which fall into the Black and Caspian seas. The common 
Sturgeon attains the length of six feet ; hut the great Sturgeon 
has been found twelve or even fifteen feet in length, and weighing 
from 1200 to 3000 lbs. The flesh of the former is very palatable 
and wholesome, resembling veal in its character ; that of the 
latter, however, is not esteemed. The Sterlet is a smaller 
species, about two feet long ; which is found in the Russian 
rivers, and is considered a great delicacy. All the species are 
valued on account of the excellent Isinglass which is yielded by 
their air-bladders ; and their roe is salted and prepared by the 
Russians, forming a dish termed caviare. More than 400,000 lbs. 
of this have been prepared in the Caspian fishery, in a single 
year. — The Chimjsridjb have the gills not entirely free at their 
extremities, but partly attached, as in the Sharks ; and although 
there is externally but a single gill-opening, yet internally there 
are five separate passages, terminating in the common aperture. 
They lay large, flattened, eggs, included in a sort of leathery 
covering; in which respect, also, they resemble the Sharks. 
The commonest species is known under the name of the ^^ King 
of the Herrings." 



Order VIII.— CHONDROPTERYGII BRANCHIIS 
FIXIS. 

582. This order includes the two families of Sharks and 
Rays ; which, though very different in external form, agree in 
many points of internal structure, and particularly in having the 
gills fixed at their extremities to the outer sides of the gill-cavity, 
and in having a series of apertures, through which the water 
passes out from each branchial arch. In these particulars they 
correspond with the last order of the class, — ^that of Cydostome 
Fishes ; but they differ from them in having a much more per* 
feet skeleton, and in having both pectoral and ventral fins. The 
differences between the two families of S^ualidjb, or the Shark 
tribe, and Raidjb, or the Ray tribe, chiefly consist in their 
external form ; the body in the f<»nner being elongated, and the 
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tail extremely fleshy ; whilst in the latter the body is short and 
flat, the pectoral fins immensely extended, and the tail slender. 
Of the true Sharks^ there are several species, of which the White- 




Fig. 281.— White Shark. 

shark is the most notorious. It sometimes attains the length of 
twenty feet, and its mouth is sufficiently wide to enable it to 
receive the thigh or even the body of a Man. This species 
inhabits most of the seas of warm latitudes ; but it is rarely or 
never seen near our own shores. The Fox-shark^ or Thresher^ is 
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remarkable for the great development of the upper lobe of the 
caudal fin, into which the vertebral column is prolonged (§ 581); 
this being nearly as long as the entire, body. This fish is occasion- 
ally met with on our own coasts, and sometimes attains the entire 
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length of from ten to twelve feet. Its gape is not so wide, nor 
are its teeth so formidahle in proportion to its size, as those of 
the preceding ; hut its tail is a powerful weapon, and it is 
exceedingly hold and voracious in its disposition. It has heen 
stated on good authority^ that it is not uncommon for a Thresher 
to approach a herd of Dolphins which may he sporting in unsus- 
picious security, and hy one splash of its tail to put them all to 
flight, like so many hares hefore a hound ; yet the Dolphin is 
six times the hulk of the Thresher. — The Bltie-shark hears more 
resemhlance to the White in its general form, hut is much smaller, 
not exceeding six or seven feet in length. It is very common off 
the Cornish coast, and is extremely trouhlesome to the fishermen 
during the Pilchard-fishing season, cutting their lines and nets, 
and devouring the fish. — The Porbeagle belongs to an allied 
genus, Lamna^ which differs from the true Sharks in having a 
P3rramidal snout, and the gill-openings placed rather further for- 
wards. Its common name seems to be compounded of Porpoise 
and Beagle ; for it bears some resemblance to the former in 
shape, whilst it corresponds with the latter in its habit of hunt- 
ing in packs. It is occasionally met with on almost all parts of 
the British coasts, being found chiefly in currents near rocky 
places ; it is voracious in its habits, swallowing entire Fishes of 
two feet in length. — The Notidamtu^ which is an inhabitant of 
the Mediterranean, is the largest of the true Fishes, its length 
being sometimes as much as thirty-six feet ; but it is compara- 
tively harmless. 

583. This family contains many other genera, more or less 
departing £rom the ordinary type ; among these we may mention 
the curious Zygoma or Hammer-headed Shark; which resem- 
bles the ordinary Sharks in the form of its body, but has its 
snout prolonged into the form of a double-headed hammer, with 
an eye in the middle of each extremity. It is occasionally met 
with in European seas, attaining the length of twelve feet, 
and larger ones are said to inhabit the tropical ocean. — 
The Dog-fish is nearly allied to the Sharks ; and is probably 
more abundant on our own coast than any other of the order. 
Almost every one who walks along the shore may meet with its 
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^ggS) which are enclosed in flat oblong cases, with a long tendril 
from each comer, by which it clings to solid bodies, or to sea- 
weed. In these cases, which are commonly known by the name 
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of " Cairies'* purses," there is a fissure at each end, which admits 
the free access of sea- water to the egg ; and through one of these 
the young subsequently escapes. The Small Spotted Dog-fish is 
the species most common on our own shores ; and it is not only 
very troublesome to the fishermen by entangling itself in their 
nets, but also by frightening away the shoals of Herrings, &c., 
which are migrating towards the coast. — The last fish of this 
family here to be noticed, is the Pristis or Saw-fish; so named 
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from the extension of its snout into a long flat blade, furnished 
with a row of sharp spines, resembling teeth, on either side. 
With this formidable weapon the Saw-fish attacks the largest 
Whales, and inflicts yery severe wounds. It sometimes attains 
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the length of twelve or even fifteen feet. This fish is very widely 
distributed, being found in the arctic, antarctic^ and tropical seas; 
but it seldom approaches the shore. 

584. The true Rays, typical of the family RAiDiE, have the 
body so flattened, that the pectoral fins seem like a continuation 
of ,it; and these meet in front of the snout, and are prolonged 
backwards as far as the ventral fins ; thus giving to the whole 
body a nearly circular form. The eyes are situated on the upper 
side of the body, as in the Flat-fish (§ 564) ; but it will be ob- 
served, that the plan of construction of the Rays and Skates, is 
entirely different from theirs, the two margins being here com- 
posed of the edges of the pectoral fins, whilst in the Flat-fish 
they are formed by the dorsal and anal ; and the Flat-fish habi- 
tually lying on one side, whilst the Rays, &c., lie on the abdo- 
minal surface, where we find their mouth and gill-openings. 
These fish live for the most part near the bottom of the water, 
on beds of sand or mud. When disturbed, they glide along in 
an undulating manner, with a slight motion of the pectoral fins ; 
and if attacked, they defend themselves by lashing violently with 
the tail, which is often furnished with sharp spines. In the 
Sting-Ray {Trygon), the tail has a single 
strong spine, notched on both sides. There 
are several species, intermediate in form be- 
tween the Sharks and Rays, by which the two 
families are connected. Most of the family 
are extremely voracious, feeding on Fishes and 
Crustacea, and on naked or testaceous Mol- 
lusks. The teeth are flattened and lozenge* 
shaped ; and so powerful are the jaws, that 
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they are capable of crushmg the shell of a 
Crab with the greatest ease. Some of the Rays produce their 
young alive ; in those which lay eggs, these are deposited in a 
homy case, like that of the Dog-fish. One of the most common 
of the British species is the Thomhack ; so named from the 
skin of its back being covered with thorny tubercles, variable 
in their number ; this fish is taken in abundance in the spring 
and summer, when it visits the shallows for the deposition of its 
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eggs, and it is an excellent article of food. The Torpedo^ or 
Electric Ray (§ 542), is occasionally met with on the Channel- 
coast of England ; but it is more common in warmer seas, espe- 
cially the Mediterranean. It is peculiar, not only from the 
possession of the electric apparatus, but also on account of the 
fiddle-shaped form of its body (Fig. 263). The MyliobcUes re- 
ceives its common name of Sea-eagle^ from having the pectoral 
fins of extreme breadth, so that it much resembles a bird of prey, 
with its wings expanded. It inhabits the depths of the ocean, 
and attains a very large size ; in a specimen caught in the West 
Indian seas, the length of the body was 10 feet, its greatest 
breadth 13 feet, and the length of the tail 15 feet. 
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585. The Fishes of this Order are the least perfect of the whole 
class, in regard to the construction of their skeleton ; and are, 
therefore, at the bottom of the whole series of Vertebrated ani- 
mals ; which they may be correctly regarded as connecting with 
the Invertebrated sub-kingdoms. So far are they from having 
a jointed vertebral column, that this is replaced, in the highest 
among them, by a sort of cylinder of cartilage, which represents 
the bodies of the vertebrsB, but which does not show any defi- 
nite division into segments ; and in the lowest, this cylinder has 
not even the firmness of cartilage, but consists of a membra- 
nous bag, containing a gelatinous semi-fluid substance. There 
are no ribs, nor are there either pectoral or ventral fins ; there is, 
in some, however, a kind of fin beneath the tail, but this has no 
rays. The body is usually prolonged, and nearly cylindrical ; 
and terminated by a circular mouth adapted for sucking. In 
the Lampreys there are seven gill-openings on each side ; there 
are strong teeth in the ring formed by the pair of jaws ; and the 
inner part of the disc, which may be considered as the lip, is 
also beset with hard tooth-like tubercles. The tongue, which 
moves backwards and forwards like a piston, and which is the 
principal instrument in the act of suction, is also furnished 
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with two longitudinal rows of small teeth. By means of this 
sucker, the Lamprey can attach itself to the bodies of the largest 
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fishes ; and is able speedily to pierce through their integuments, 
and to prey upon their substance. The largest species, which 
attain the length of two or three feet> are marine ; the former, 
which chiefly inhabit rivers, are sometimes called Lampems. 
The members of the genus Myadne^ or Hoff, and its allies, have 
not even a cartilaginous ring around the mouth, its borders being 
entirely membranous, and furnished with only one tooth. The 
mouth is surrounded by eight cirrhi, or tendril-like feelers ; 
which remind us of the arms of the Cuttle-fish in miniature. 
This fish is destitute of eyes ; and does not seem, indeed, to 
have any other special organ of sensation than these cirrhi. The 
best known species is known to British fishermen under the name 
of the Ha^ ; it is found in the interior of other fishes, whose 
bodies it has entered for the purpose of devouring them ; and 
it seems to attack in preference those which have been hooked, 
and which, consequently, are not able to defend themselves. As 
many as six Hags have been found in the skin of a single Had- 
dock, on the Norway coast (where this species is more abun- 
dant than our own), the flesh of which they had almost entirely 
consumed. It is usually from twelve to fifteen inches in length, 
and of the thickness of the little finger ; and its whole tissues 
are so soft, that it would not have been supposed capable of 
inflicting any serious injury. The quantity of mucus which it 
can secrete from its surface is enormous ; it has been asserted, 
that if a Hag be placed in a pitcher of sea- water, it will speedily 
convert this into a semi-transparent jelly ; and that, ^if placed 
in a fresh quantity of water^ it will change this in the same 
manner. The most imperfectly formed of all Fish is, probably, 
the Amphioxm^ or Lancelot; which has, by many Natu- 
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ralists, been removed altogether from the Yertebrated sub-king- 
dom, on account of the almost complete absence of what are 
usually regarded as the distinguishing peculiarities of that group. 
Nevertheless, an attentive examination of its structure shows, 
that it bears a closer resemblance to the true Fishes than to 
any other animals---exhibiting their conformation in (as it were) 
a degraded form. It is of yery diminutive size, scarcely an inch 
in length, very slender, and almost transparent. The body is 
compressed laterally ; and there are no pectoral, ventral, anal, or 
caudal fins, but only a single dorsal fin, extending the whole 
length of the body. There are no eyes, nor any vestige of any 
external organ, except a mouth, which is surrounded by small 
tentacula, like that of the Hag. There is scarcely any trace of 
a vertebral column, or of ribs ; yet the muscles are arranged with 
great regularity, on the plan of those of Fishes in general. One 
of the most curious parts of its structure is the complete absence 
of cerebral hemispheres, and even of gadglia of special sense ; 
the spinal cord being, apparently, the only centre of its nervous 
system. Thus it may be characterised as one of those *^ expe- 
riments prepared for us by Nature ;" exhibiting to us a case, in 
which the Cerebrum is never developed ; the pheoomena of which 
closely correspond with the results that have been obtained 
by the artificial removal of that organ. (Anim. Physiol. 
§465.) 

586. The Geological distribution of this class presents many 
points of the greatest interest to the Zoologist. As might have been 
anticipated from what is known of the history of the production 
of the present crust of the globe, we find remains of Fishes in the 
very earliest formations which distinctly exhibit the action of water, 
— that is, which were deposited as sediments in the bed of the 
ocean ; and this long before we have reason to believe that any land 
animals existed upon the surface of the globe. But the Fishes 
of this early date were, for the most part, formed upon a very 
different plan from those of the present epoch, so that there are 
Tery few of those now existing, which bear any close resemblance 
to them ; whilst, on the other hand^ the greater proportion of 
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tlie species now existing had no representatives among those, 
wliich inhabited the primeval ocean. Many of the latter are 
known to us only by their scaly coverings, which are frequently 
preserved with the greatest perfection, when the internal skele- 
ton has disappeared, — the scales having the hardness of bone or 
even of enamel, whilst the skeleton was cartilaginous. — As we 
ascend towards the newer formations, which are nearer the 
surface of the earth, we find the character of the class gradually 
changing, — the forms, which were predominant in the older 
rocks, disappearing one after another^ and being replaced by 
others, which bear more resemblance to those now existing. It 
has been discovered by Professor Agassiz, who has devoted a 
large part of his life to the study of Fossil Fish, that there is a 
constant correspondence between the character of the scales and 
the internal organisation of the fish ; and he has proposed that 
the arrangement of the class shall be founded in the first instance 
upon the form and structure of the Scales. This classification 
has not yet been received amongst Naturalists, as superseding 
that of Cuvier ; but the advantages which it presents, in regard 
to the study of Fossil Fishes, give it a claim to our attention. 
— According to Professor Agassiz, all Fishes may be arranged 
under the four following groups : 

I. Ganoidians; from the Greek yavosy splendour. — The 
Fishes of this order are covered by angular scales, composed 
internally of bone^ and coated with enamel. The scales are 
regularly arranged, and entirely cover the skin with an almost 
impenetrable armour. — This order includes the Sauroid fish 
(§ 588), of which the Sturgeons and the Lepidosteus are the 
only existing representatives ; together with many other peculiar 
forms, to which we have nothing at all analogous among the 
Fishes now existing. 

II. Placoidians ; from the Greek ttXo^, a broad plate. — 
This order contains Fish whose skin is covered irregularly with 
plates of enamel, often of considerable dimensions, but sometimes 
reduced to small points, like the shagreen on the skin of the 
Shark, and the prickly tubercles of the Ray* — Among existing 
fish, this order comprehends only the Sharks and Bays and their 
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allies ; but these form but a very insignificant part of the species 
which are to be referred to it. 

The two preceding Orders are further characterised by the 
peculiarity in the form of the tail, which has been pointed out 
in the Sturgeons (§ 581) ; and which, among the existing fishes, 
is confined to that family, with the Sharks and Rays, and the 
Lepidosteus. 

III. Ctenoidians ; from the Greek Krcts, genitive ktcvos^ a 
comb. The Ctenoid fish are covered with horny or bony scales, 
jagged like the teeth of a comb on the outer edge. The Perch 
and many other existing genera are examples of this order, 
which contains but few fossil forms. 

IV. Cycloidians; from the Greek kvkXos^ a circle, — Tlie 
Fish of this last order have their scales smooth and simple at the 
margin, and often ornamented *at the upper surface. The Her- 
ring^ Salmon^ &c., are referred to the Cycloid order ; which, 
with the preceding, includes all the existing species, with the 
exception of the few that have been already mentioned as 
belonging to the preceding groups. 

587. Now the Fish of the oldest or Palasozoic strata belong 
almost exclusively to the first of these divisions ; and of eighty 
species of Ganoid fish, — which are all that have been hitherto 
described, — ^upwards of fifty are exclusively met with in the 
Old Red Sandstone formation alone. Many of the forms pre- 
sented by these are most extraordinary, — ^being totally unlike 
any with which we are acquainted among existing species, — and 
indicating an obvious mixture or combination of the characters 
of the class of Fish with those of the Crustacea. Indeed in 
regard to the real nature of some of the species discovered a few 
years since in Scotland, even Agassiz was at first undecided, — 
so strong was the resemblance presented by them to certain forms 
of Crustacea, especially the Trilobites hereafter to be described 
(§ 764) ; and it was not until connecting links were discovered, 
in which the distinctive characters of the true Fish were more 
obvious, that the nature of the first could be certainly deter-^ 
mined. The head and body of many of these fish were covered 
^y large hard plates; whilst the internal skeleton, from the^ 
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entire absence of any remains of it, seems to have been composed 
of soft cartilage. In the Cephcdapm (or buckler-head), the head 
was very large in proportion to the body, occupying one-third of 
its length, and being rendered of enormous breadth by two cres- 
cent-shaped wings, extending backwards and outwards. In the 
Ftericthya (or winged fish), the plates both of the head and body 
were very large, and consequently few in number ; it was fur- 
nished with a pair of wing-like fins, placed far forwards, and 
terminating in a kind of hook, or strong curved point ; and the 
tail, which occupied more than a third of the total length of the 
animal, was straight, pointed, and covered with small tubercu- 
lated angular, scales. ^' Most probably the tail was employed as 
the principal organ of locomotion ; the pointed fins being elevated 
at the approach of danger, and the animal in this way rendering 
itself as unapproachable and as Sifficult to be swallowed as its 
form would admit of." The Cocosteus had a body of triangular 
shape, tapering away towards the tail ; and was covered almost 
entirely by a central plate, much larger than any of the others, 
having a continuous ridge along the middle of the back ; it was 
also furnished with a couple of defensive fins, situated near the 
head, like those of the Ptericthys. The tail evidently possessed 
a vertebrated structure ; and it was by this that the animal was 
most certainly recognised as a Fish, — its jaws and teeth having 
more the characters of the nippers of a Lobster or the mandibles 
of a Beetle. The teeth were chiselled, as it were, out of the 
solid bone of the jaw ; just as the teeth of a saw are cut out of 
a plate of steel : and the line of opening of the jaws was vertical^ 
as in the Articulata, instead of being horizontdl^ as in the Yerte- 
brata. Remains of this fish are found very abundantly in some 
situations ; varying from a few inches to two feet in length. — 
The other Fishes of the Palssozoic epoch were, for the most part, 
less widely different from those of the present day ; one remark- 
able genus may be mentioned, the Hohptychius^ which exceeded 
most of the others in size, and was evidently adapted to prey 
upon them. The name of this fish is derived from the large 
undulating furrows marked upon the surface of its enamelled 
scales^ which give them a most beautiful appearance ; these scales. 
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by their strength and magnitude, seem as if they might have 
served for the armour of a Crocodile ten times the size of the 
fish. Its head, also, was inclosed within bony plates, whose 
upper surface was coyered with rough tubercles of enamel ; and 
the jaws, likewise, were composed of bone, whose outer surface 
was polished, coyered with enamel, and unclothed with skin. 
A row of thickly-set pointed teeth fringed the enamelled edges 
of the mouth, and corresponded to the lips of ordinary fish ; 
whilst within this was a second and wider range of teeth, 
at least twenty times the bulk of the others. This, and some 
other allied genera, were evidently the " pirates " of their day ; 
the extraordinary armature of their jaws being in conformity' 
with the remarkable defences, with which the bodies of the fishes 
that served for their prey were endowed. 

588. As we pass from the Old Red Sandstone into the newer 
rocks, we meet with a change in the characters of the Fish, 
whose remains are imbedded in them. All those just described, 
with the exception of the last, disappear ; and they are replaced 
by others. Still we find that of the Fish contained in the 
Mountain Limestone and the beds associated with it, a large 
proportion belonged to the order Ganoidians ; but, among these, 
the Sauroid fishes now predominate. These are at once dis- 
tinguished by the peculiar form of their teeth; which are 
marked by longitudinal furrows like those of Crocodiles ; and 
which have a conical hollow at the base, in which the next 
tooth is prepared, as in many Reptiles. So strong, indeed, is 
the resemblance of both the teeth and scales of several of the 
Fishes of this group to those of some Crocodilian animals, 
that, when first discovered, they were immediately referred to 
that class. The dimensions of the teeth of the genus Megalic^ 
thys (large fish), far exceed those of any other fishes' teeth that 
have been yet examined ; one of them having been found to 
measure nearly four inches in iength, with a breadth at the base 
of nearly two inches. The large teeth are accompanied by 
several very small ones, which alternated with them, and were 
distributed over the whole of the inside of the mouth. Scales of 
this fish have been met with as much as fivQ inches in diameter. 
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-There is some reason to think, from the character of the other 
fossils with which its remains are associated, that this Fish was 
an inhabitant of fresh water, like the comparatively diminutive 
Lepidosteus of the present day (§ 572). The Sauroid fishes pre- 
dominate in an increasing degree among the genera of the 
Ganoid order, as we rise through the newer strata ; and at 
last they become the only representatives of that order. It is 
between the Oolitic and Chalk periods, that we find the most 
remarkable change in the proportion which the Fishes of this 
group bear to those of other orders; for, whilst the Oolite 
includes the remains of numerous fishes of the Gh&noid order, — 
many of them Sauroid fishes of great size and strength, — ^we find 
but very few in the Chalk and later formations, and even these 
are of diminished size and ferocity; so that, by this gradual 
change, the order has now become nearly extinct, as already 
mentioned. 

589. It is in the strata of the Carboniferous order, or the 
Mountain Limestone and the overlying beds of the Coal series, 
that we encounter the first appearance, in any considerable 
proportion, of the Fishes of the Second order, or Placoidians. 
These* do not depart so widely from the forms with which we 
are familiar at the present day, as did the earlier Ganoidian 
Fishes ; but it is interesting to remark, that the greater number 
of the early Placoidians did not bear a resemblance to the Sharks 
and Rays which are most abundant at the present time, but to 
some that are now regarded as aberrant forms, separated from 
the rest by peculiarities of conformation. This is the case, for 
example, with the Cestracion Philippic or Part-Jackson Shark ; 
which has the margins and inner surface of the jaws covered 
with flat pavement-like teeth, disposed in an oblique row; 
whilst the front of the mouth is armed with sharp, angular, and 
pointed teeth, more resembling those of the ordinary Sharks. 
The latter are evidently adapted for seizing and retaining the 
food ; the former for crushing and bruising it. These teeth are 
rarely found connected together in a fossil state. Now, of the 
fossil Fishes presenting these peculiarities, and referred on that 
account to the family Ceitracwnts^ remains are found even in the 
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• Palaeozoic strata; tbej become more numerous in the Car- 
boniferous series ; they are very numerous in the Lias and Chalk 
formations ; but there they cease almost entirely, — the strata of 
the Tertiary series scarcely containing any. of them, and the 
Port- Jackson Shark being the only representative of this family 
at the present day. — Intermediate between these and the ordinary 
Sharks was another family, to which the name of HyhodonU has 
been given. The teeth of this division were stronger and 
blunter than those of the true Sharks, but were not so much 
flattened as those of the Cestracionts ; and they seem to have 
been adapted for cutting, tearing, and bruising substances of 
considerable hardness. The Fishes of this family seem to have 
made their first appearance in the later part of the Coal forma- 
tions ; they were very abundant during the Oolitic period ; but 
ceased entirely at the commencement of the Chalk deposit. — 
Lastly, the ordinary Sharks, constituting the Sqtudoid family, 
which are distinguished by their sharp lancet-like teeth, have no 
representatives among the Fossil Fishes of older date ; but their 
remains are first found in the Chalk formations, and extend 
through all the newer strata down to the present time. — The 
Rays^ also, of the earlier periods had teeth more flattened than 
those of later epochs ; and we find from their fossil remains, 
that some of the forms, which are now regarded as exceptional 
or aberrant, were formerly more abundant. Thus of the 
MyliohatU or Eagle-Ray (§ 584), of which five species are at 
present known, fifteen fossil species have been discovered. 

590. The Ctenoid and Cycloid Fishes make their first 
appearance in the Chalk formation ; when all the previously- 
existing genera of the Ganoid and Placoid orders had become 
extinct, and when the new ones that were brought into existence 
were (as we have seen) far less numerous than before. There is, 
then, a sort of boundary line at the base of the Cretaceous or 
Chalk deposits, which divides the class of Fishes in a most 
remarkable manner ; — all those below that line, in the order of ^ 
the strata, or (in other words) all those which existed at a period 
anterior to the deposition of the Chalk, having belonged to the 
two first orders, those with enamelled scales ; — whilst by far the 
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larger proportion of those existing at a subsequent time, as at 
the present epoch, belong to the two orders with homy scales, 
which comprehend at least three-fourths of the 8000 living 
species of Fishes known to Naturalists, Of the fossils of these 
last orders, which abound in the formations of the Tertiary 
period, it is sufficient to say, that they may nearly all be referred 
to families which have been described as now existing ; that 
many of them belong to the same genera with recent Fishes ; 
but that it is doubtful if any of them are of the same species with 
those now tenanting our seas. 

591. The sketch here given of the principal groups of Fossil 
Fishes, is sufficient to illustrate some very interesting points in 
the history of this class. In the first place, we see that the first- 
created Yertebrated animals so far resembled the Invertebrated 
classes, as to possess a very dense external skeleton ; whilst their 
internal skeleton was so soft, as not to be capable of being pre- 
served ; and it appears .to have been to the Crustacea, which are 
among the highest of the Articulated series, that these Fishes 
were most nearly related. On the other hand, among the Fishes 
of the present time, the CychsUmuxta^ which present the cha^ 
racters of the Yertebrata in their most imperfect form (§ 585), 
are rather analogous to the Annelida^ or Worm tribe ; with which, 
indeed, some of them were actually classed by LinnsBUS.— *We 
may next observe, that the covering of dense enamelled scales, 
in which all the Fishes of the earlier formations were inclosed, 
rendered necessary a peculiar conformation in the mouths of 
those, which were destined to prey upon them and to restrain 
their multiplication. Thus we find the mouths of the predaceous 
Gh&noid fishes, such as the Holoptyehiw and its allies, and in 
those of the Cettracionti and Hybodonts, a pavement-like cover- 
ing of flat enamelled teeth, adapted to crush the hardest sub- 
stances. But when the enamelled-scaled Fishes had given place 
to those furnished with a softer covering, we find these enamelled 
pavements of the jaws replaced by sharp cutting teeth, — the 
predaceous Ganoids disappearing altogether, and the Cestracionts 
and Hybodonts giving place to the Sharks. — What was the 
purpose for which all the earlier [races of Fishes were provided 
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with the enamelled covering so often alluded to, and why these 
races should have given place at a later period to others so differ- 
ently constituted, we have no certain means of knowing. It has 
heen suggested by Dr. Buckland, that the purpose of this cuirass 
may have been, to defend the bodies of the animals against waters 
that were warmer, or subject to more sudden changes of tem- 
perature than could be endured by animals, whose skin was pro- 
tected only by such thin and often disconnected coverings, as the 
membranous and homy scales of most modem Fishes. Such 
changes of temperature wef e more frequent, there is good reason 
to believe, in the earlier epochs of the Earth's history, than they 
are at the present time, for reasons which will be elsewhere 
explained. (See Treatise on Geology.) 

592. It may be further remarked, that the history of the 
Fossil Fishes most clearly proves, that the first-created forms of 
Animal life were not the least perfect, — ^as some have maintained; 
and that there is not a regular succession of new races, increasing 
in elaborateness of stmcture, from the oldest 'to the most recent 
formations* For among the earliest races of Fishes, we find that 
those of the Sauroid family, which had many characters of deva^ 
tion, held a conspicuous place; and that, when these were 
replaced by the class of Reptiles, which was called into existence 
as soon as there was any land for its habitation, they ceased to 
exist, and were succeeded by races of Fishes which must be 
regarded as lower in the scale. 
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CHAPTER VII. 

GENERAL CHARACTERS OF ARTICULATED ANIMALS. 

593. The animals of which is composed the Sub-Kingdom 
Articulata, not only present an internal structure which is 
essentially different from that of the other three divisions of the 
Animal series, but are likewise distinguished by external charac- 
ters, which are usually so definite and evident, that they may be 
almost always recognised at the first glance. Their entire body, 
in fact, is divided (more or less obviously) into segments ; and 
seems to be composed of a series of rings placed in a line. In 
some Articulated animals, this annular (ring-like) appearance 
results merely from a certain number of transverse folds, which 
furrow the skin, and encircle the body ; but in the greater num- 
ber, the animal is enclosed in a sort of solid armour, composed 
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of a series of rings, united one to another in such a manner as to 
allow them a certain degree of movement. This envelope has 
uses analogous to that of the internal framework of Vertebrated 
animals ; for it determines the general form of the body ; it 
protects the soft parts; it gives points of attachment to the 
muscles; and furnishes them with levers, by their action on 
which the movements may be effected with precision and 
rapidity. Hence it may be termed an external skeleton. It 
must be borne in mind, however, that the hard substance 
of which it is composed has no analogy in structure^ or ia 
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mode of growth, with the hones of Yertebrated animals. It con- 
sists^ in fact, of the skin^ consolidated by the deposition of horny 
or calcareous matter in its substance ; and instead of being able 
to grow in all directions in the manner of bone, it undergoes 
very little change when it is once fully formed, and it cannot be 
made to increase in size except by addition to its edges. 

594. The different rings, or segments, of the body of an Arti- 
culated animal, always bear a strong resemblance to each other ; 
and sometimes, as in the Iidtu (Fig. 287), and the Scolopmdra^ 
or Centipede^ they seem like actual repetitions of each other. 

Dorual arch Dorsal oar 

; i 

Cr^^ ^w ^ ^__--U-.::--^.^^^^ I ^^:^^^— Cirrhug 
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Ventral member Ventral arch Ventral oar 
Fio. 280.— Vsrhcajl Skction op a Sroment of an Annklide, belonoino 
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Each ring may bear two pairs of appendages, or members ; the 
one belonging to its dorstd arch, or the upper part of the seg- 
ment ; whilst the other belongs to the ventral arch, or the under 
part of the ring. In those Articulata in which the principle of 
" division of labour " does not yet manifest itself, — that is, in 
whose bodies we find a number of similar parts adapted to 
perform the same functions, instead of an assemblage of dif- 
ferent parts, constructed each for its own special purpose, — all the 
segments are provided with these appendages, and their number 
is sometimes extremely great. But in all the higher tribes, we 
find the appendages of certain segments attaining a high de- 
gree of development ; whilst, by a sort of compensating principle, 
the others present themselves as mere rudiments, or are not even 
at all discoverable. In general the appendages of the ventral 
arch are alone developed ; and the variety of forms which they 
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present is greater, in proportion as the animal is more elevated 
in the scale. Thus we find them so modified as to become 
antentue, — those long, horn-like filaments, with which the head 
is famished in Insects and Cru8tacea,-^or to be subservient to 
mastication by being converted into jaws, or to take the form of 
legs, swimming organs, &c. Of this metamorphosis we shall 
hereafter notice some remarkable examples in the class Crds- 
tacea. Sometimes, however, the appendages of the dorsal arch are 
present throughoat, and perform, like those of the ventral arch, 
the functions of limbs ; of this we find many examples amongst 
the Annelida. But in general, no more than two pairs pre- 
sent themselves ; these are situated on the segments constituting 
the centre of the body ; and they perform the functions of wings 
or of analogous organs ; as we shall hereafter see, when speak- 
ing of the class of Insects. The legs are generally 6, 8, 10, or 
14 in number ; sometimes many hundreds may be counted ; and 
sometimes they are altogether deficient ; but when they exist at 
all, they are never fewer than six, which is the number that is 
characteristic of the class of Insects. Sometimes instead of 
distinct legs, we meet with strong bristly appendages, as in the 
Earth-worm ; or bundles of such bristles, in the midst of which 
one is occasionally a cirrhtu or tendril-like appendage, constitut- 
ing a sort of rudimentary leg, as in many Annelida (Fig. 288.) 

595. The tendency to repetition ex- 
hibited by the segments of the body, 
is as remarkable in the disposition of 
the muscles and of the nervous system, 
as it is in the arrangement of the general 
envelope. In most animab of this Sub- 
kingdom, each ring in its complete state 
possesses a pair of nervous ganglia, 
united on the central line ; and these 
ganglia are connected together by a 
double cord of communication, which 
runs along the lower or ventral surface 
of the body. In the inferior Articulata, pw. ssa-NKRvous sybtsm or 
and even in the highest, previously to ^" iwwn-. 

the completion of their development, these ganglia are nearly 
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equal, and form with their connecting filaments two chains re- 
sembling knotted cords, extending from one end of the body to the 
other. (Fig. 290.) But in proportion as we rise in the scale, we 
see the ganglia approach one another, both sideways and length- 
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FiGB. 290 and 291.— Anatomy of the CaterpiUar and Moth of the Privet : a, oephalio 
ganglia, situated in front of the (esophagus, and giving origin to the nerves of the 
eyes, &c. ; b, cords which unite these ganglia to those of the second pair, passing on 
either side of the oesophagus, so as to form a collar round it ; c, first pair of sub-ceso. 
phageal ganglia ; d, ganglion of the first segment of the thorax, followed in the Cater- 
pillar by others at regular intervals ; c, nervous mass in the Moth, formed by the ganglia 
of the second and third thoracic 8^;ments ; /. abdominal gaioglia ; h, mouth ; t. tnmk ; 
J, oesophagus ; k, stomach ; 2, intestine and biliary vessels ; m, large intestine ; n, anus ; 
0, legs of the first pair ; p, legs of the second pair ; q, legs of the third pair ; r, first pair 
of membranous legs, in the Caterpillar ; #, dorsal vessel ; t, first segment of the thorax ; 
«, homy appendage at the extremity of the abdomen of the Caterpillar. 



wise ; so that each pair unites on the central line into a single mass ; 
whilst the ganglia of different segments are also brought together 
into one spot, and so combined as to form but one large ganglion, 
— ^as we shall hereafter notice especially among the Crustacea. 
This centralization is sometimes carried so far, in certain Crabs 
for example, that there exist in the whole body but two nervous ' 
masses,-— one in the head, and the other in the thorax (Fig. 466). 
The ganglia which we find in the head of Articulata have a 
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manifest correspondence to those of certain parts of the brain in 
Vertebrata. They are not the representatives of the Cerebral 
hemispheres, which are peculiar to the latter; but they ob-* 
viously resemble the Optic and other ganglia of special sense, 
which we find even in the highest Yertebrated animals, at the 
origin of the nerves that proceed to those organs, and which in 
Fishes make up so large a proportion of the entire brain, as 
frequently to surpass in size the cerebral hemispheres themselves 
(§ 530). The ganglia of the ventral cord are so many centres of 
re/lex action to the different segments which they supply ( Akim. 
Physiol. § 442) ; and in this respect they are analogous to the 
Spinal Cord of Yertebrated animals, from which they differ in no 
important particular, except in. their position. Even in this, 
however, there is a greater resemblance than is at first apparent ; 
for there is strong reason for regarding the usual position of 
Articulated animals as really inverted; that is, for considering 
what is apparently the ventral surface of the body as in reality 
the dorsaly and the apparent back as the real abdomen. 

596. The bulk of the body in the Articulata is made up of 
the muscles, by which the several segments, and their various 
appendages, are put in motion. These muscles^ like the parts of 
the body themselves, are arranged with great regularity and 
exactness on the two sides of the median or central line ; so that 
the lateral symmetry (§ 47) of the Articulata is most exact. 
We shall hereafter see that this symmetry extends in great 
degree also to the organs of nutrition ; which in the Yertebrata 
are not arranged with the same equality. Where the segments 
and their appendages have a similar form and action, their 
muscles are but repetitions of each other ; but where, as in. the 
higher Articulata, the segments and their appendages are differ- 
ently constructed, the muscles also are more variously arranged, 
and often form a system of great complexity. 

597. The development of the organs of Nutrition in Articulated 
animals would seem to be altogether subservient to that of the 
Locomotive apparatus ; — ^their function being chiefly to supply 
the nerves and muscles with the aliment necessary to sustain 
their vigour. The power of these muscles is so great in proporr 
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tion to their size, that, in energy and rapidity of movement, 
some of the Articulated tribes surpass all other animals. These 
movements are directed by organs of sensation ; which, although 
not developed on so high a plan as those of some Mollusca, are 
evidently very acute in their powers. There are very few 
instances of Articulated animals being in any way restrained as 
to freedom of locomotion ; and these are for the most part found 
in a single group, the Oirrhipoda, or Barnacle tribe, which 
connects this sub-kingdom with the preceding. In general they 
roam freely abroad in search of food ; and they are supplied with 
prehensile organs for capturing their prey, and with a complex 
masticating apparatus for reducing it. Their actions are evi- 
dently directed almost solely by instinctive propensities, which are 
adapted to meet every ordinary want ; these are of similar 
character in each individual of the same species, and present but 
little appearance of ever being modified by Intelligence. Hence 
these animals seem almost like machines, contrived to execute a 
certain set of operations ; many of them, however, producing 
immediate results, which even Man, by the highest e£Ports of his 
reason, has found it difficult to attain. 

598. All the Articulata, save a few of the very lowest 
species, possess a distinct head at one end of the body, furnished 
with organs of special sensation, and with jaws for the prehen- 
sion and reduction of the food. These jaws do not open veriieallt^^ 
however, as in the Yertebrata, so as to leave a horizontal 
aperture; but laterally, so as to leave a vertical aperture: 
and there are frequently several pairs of them, one behind the 
other, sometimes furnished with sharp cutting edges, sometimes 
having their edges toothed like a saw, and sometimes adapted to 
crush rather than to cut or tear. The alimentary tube frequently 
passes straight along the central line, from one extremity of the 
body to the other, with a dilatation near its commencement, — 
the stomach : and where this is not the case, the convolutions 
which the intestine makes are usually few in number. Instead 
of a heart, we find a dorml vessel (5, Figs. 290 and 291), a long 
tube placed on the central line of the back, and divided into 
segments, corresponding with those of the body, — each seg- 
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ment being, as it were, the heart for its own division. The 
respiratory apparatus, too, is arranged with the most perfect 
S3rmmetry. In the lower tribes, and in the Crustacea, it 
is adapted to act in water ; and consists of gills or branchial 
appendages, of various forms, which are prolonged from the 
exterior of the bodj. But in Insects and Spiders, which con- 
stitute the great majority of the class, the respiration is aerial ; 
and is performed by an apparatus consisting of a set of chambers 
or tubes, which are dispersed or extended through the whole 
body. By this means, the air, the blood, and the tissue to be 
nourished, are all brought into contact at the same points ; and 
a much less vigorous circulation is required, therefore, than 
would otherwise be needed.. The whole apparatus of Nutrition 
is comprised within a comparatively small part of the body, 
in the higher classes at least; and the bulk of the organs 
composing it is never to be at all compared with that, which we 
ordinarily find in the MoUusca. Thus the Liver, which in the 
Oyster forms a large part of the whole substance, is often 
scarcely discoverable in the Insect ; and where (as in the Crus- 
tacea) its bulk is considerable, it is because the respiration, being 
aquatic, is less active than usual, and is consequently not suffi- 
cient to draw off the superfluous carbon from the blood (Anim. 
Physiol. § 365). The blood is usually white, as in other Inver- 
tebrated classes ; and where it is otherwise (as in some of the 
Annelida), it is in the liquor sanguinis, and not in the corpuscles, 
that the colour exists, — ^these last being analogous to the colour- 
less^ and not to the red corpuscles of the blood of Yertebrata. 
The temperature of Articulata usually varies with that of the 
air or water they inhabit ; but in the class of Insects we find 
many, which have the power of generating a large amount of in- 
dependent heat ; and this is strictly proportional to the quantity 
of oxygen converted by them into carbonic acid, by the respira- 
tory process. All the actions of the Articulata are performed 
with great energy ; and at the time of the most rapid increase of 
the body, the demand for food is so great, that a short suspension 
of the supply proves fatal. Many of them, however, are capable 
of being submitted to the influence of very high and of very lo^ 
lemperatures, with little permanent injury. 
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599. The division of this Sub-kingdom into Classes, is princi- 
pallj founded on the organs of locomotion ; which, as we have 
seen, are so characteristic of it. We may first form two groups, 
distinguished by the presence, or absence, of distinctly-articidated 
members. In the former, the locomotive power is for the most 
part consigned to these appendages ; and the trunk is usually 
encased in a hard envelope, in which, by the union of segments 
that were originally distinct, we sometimes almost lose the traces 
of the characteristic division. This is especially the case with 
the Crab and its allies ; in which the different parts of the body 
are quite immoveable upon each other. On the other hand, in 
the lower group, in which distinct members are wanting, the 
locomotion of the animal is chiefly effected by the movement of 
the body itself ; and this is permitted to the utmost 
extent, by the softness of the integument, in which 
the intervals of the articulations are scarcely 
distinct from the rings themselves, — as in the 
Leech or Earth-worm, — so that here, too, the 
division into segments becomes indistinct, from 
the opposite cause. It is in the Centipede (Fig. 
292) that we have the best example of the divi- 
sion of the body into segments, whieh is charac- 
teristic of the entire group ; together with an 
articulated structure in the limbs. In the classes 
of Insects, Crustacea, Spiders, &c., the equality 
of the segments disappears ; whilst in the Leech 
and Worm tribes, the members disappear. 

600. The higher division of the Aii;iculated 
series may be arranged into the following 
classes : — 

I. Insects ; characterised by the division of the 

body into three distinct portions, — the head, 

thorax, and abdomen; by the possession of 

Fro. 292. antennae on the head, of three pairs of legs, and 

(m general) of one or two pairs of wmgs ; and 

by their aerial respiration. 

II. Arachnida, including the Spiders^ Scorpions^ and Mitei; 
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characterised by the division of the body into two distinct por- 
tions, the cephalo-thoraz (made up of the head united to the 
thorax) and abdomen ; by the possession of four pairs of legs ; 
by their want of antennsB ; and by their aerial respiration. 

III. Crustacea, or Crahs^ Loh$ters^ &c. ; distinguished by 
their aquatic respiration ; and by the possession of fromj^ve to 
seven pairs of legs; the body sometimes divided nearly as in 
Insects, sometimes even more concentrated than in the Arach- 
nida, and sometimes formed on the plan of that of the Myriapoda. 

lY. Myriapoda, the Centipede tribe ; characterised by the 
want of distinction between thorax and abdomen ; by the equality 
of the segments of the body,—- the head, however, being very 
distinct ; by the large number of legs, of which there are seldom 
less than twenty-four pairs ; and by their aerial respiration. 

Intermediate in some respects between the two divisions of 
this Sub-kingdom, we may rank the following remarkable 
group :— 

y . CiRRHOPODA, or the Barnacle tribe ; in these, there are no 
locomotive members in the adult, although the young possesses 
them; there are, however, a series of jointed tendril-like append- 
ages, which probably serve both for respiration and for the 
acquirement of food ; and the animals remain attached to one 
spot, during all but the early period of their lives ; their respira- 
tion is entirely aquatic. 

601. In the Second division of Articulata, characterised 
by the absence of articulated members, we meet with but 
three classes. 

YI. Annelida, the Leech and Worm tribe ; characterised by 
the extension of the body into numerous segments, which pre- 
sent scarcely any dififerences from each other ; by the presence 
of a distinct circulating system, and of respiratory organs; 
and by the possession of a well-developed nervous system. 

YII. Entozoa, or IntetHnal Wonm^ in which the Articulated 
form is presented in (as it were) a still more degraded state ; 
the segments being yet more completely repetitions of one 
another, and often capable of existing separately ; special organs 
of circulation and respiration being for the most part wanting; 
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and the neryons system being very indistinct, — never presenting 
the double ventral cord in a well-developed condition: these 
have very frequently no distinct head. 

VIII. RoTiFBRA, or Wheel-Animalcules^ a group of minute 
animals, in which the Articulated structure is often very indis- 
tinct^ and which are especially characterised by the possession of 
cUioj or little hair-like filaments, arranged in rows in the neigh- 
bourhood of the mouth, and serving by their movements, both 
for the acquirement of food, and for the aeration of the fluids of 
the body. 
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CHAPTER VIII. 

OP THE CLASS OF INSECTS. 

602. The class of Insects is pre-eminent, not only amongst 
the divisions of the Articulated series, hut in the whole Animal 
kingdom, in regard to the numher of distinct species which it 
includes ; and it is prohahly unsurpassed hy any, save the Infu- 
sory Animalcules, in regard to the numher of individuals at any 
time existing on the earth's surface, which helong to the nu- 
merous and diversified races comprehended in it. The whole 
suh-kingdom of Yertehrated animals may probably be estimated 
as not containing above 30,000 species, — a number which is 
surpassed by the Beetle tribe alone ; and we should be probably 
not far wrong in sapng, that the number of species of the whole 
class, already known, exceeds that of all other animals put toge- 
ther. Moreover, on account of the small size of M^ and the very 
minute size of a large proportion, of the animals belonging to 
this class, it is probable that the number of species ahready 
known is far surpassed by that which remains to be discovered. 
Even in our own country^ new species of Insects are continually 
being discovered, by the industry of observers who devote 
themselves to this particular branch ; and the number at present 
unknown must of course be far greater, in countries that have 
been less completely explored. Of the importance of this class 
in the economy of Nature, several striking proofs will be given 
hereafter. 

603. The tegumentaiy skeleton of Insects, that is to say, 
the hard skin of these animals, sometimes preserves a certain 
degree of flexibility ; but generally presents a consistency analo- 
gous to that of horn. It must not be thought, however, that its 
tissue is really of that nature ; for Chemistry teaches us that it 
is composed of very different materials, and that a particular 
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substance named Chitine^ forms the base of it ; but there is reason 
to believe, that it possesses a definite organic structure; and 
that it consists of one or more layers of cells, in the cavities of 
-which this substance is deposited. We see in it a great number 
of pieces, which are sometimes soldered (as it were) together ; 
whilst in other instances they are united by soft portions of the 
skin, and thus possess a greater or less freedom of motion. 

604. The body of the Insect, as we have ahready said, is 
divided into a certain number of rings, placed end to end ; and 



l8t pair of Legs 



IstpalrofWiiiea — 
2nd pair of Legti ~~ 



2nd pair of WJnp 
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Head 



Thorax 



Abdomen 



Fio. 293.— Anatomy or the kxtshnai. Skblbton op an Insect. 

in this series of segments, we distinguish three portions, to which 
are given the names of Head, Thorax^ and Abdomen. The 
members or appendages which spring from the several segments, 
have a structure analogous to that of the trunk of the animal : 
being composed of tubes or of hollow plates, placed end to end, 
and enclosing in their interior the muscles and nerves destined to 
put them in motion. 
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605. The head is formed only by a single piece ; and bears 
the eyes, the antennas, and the appendages of the month. The 
antmncB constitute the first pair of members or appendages of 
Insects; and are composed of a considerable number of small 
joints placed end to end ; they arise from the anterior or superior 
part of the head ; and generally have the form of slender and 





Fig. 294.--CAPRICORN Bkstls. 
a, Of antenne. 



FlO. 295.— PAV8SU8 CORNU. 



flexible horns (Fig. 294, a a) ; but their conformation varies 
much, especially amongst the males; thus they sometimes 
resemble feathers, sometimes saws ; at another time small bulbs 
(Fig. 295) ; and in other instances they are terminated by an 
enlarged part composed of layers placed like the leaves of a book. 
Their length is sometimes very considerable. We know nothing 
positive regarding their use ; but it is supposed that they are 




Fio. 296.— Variously-kormkd Ammrsx op Inskcts. 

organs of feeling, and perhaps also of hearing ( Anim. Physiol. 
§ 498). Other appendages, to the number of three pairs, spring 
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from the inferior part of the head, and constitaie the organs of 
mastication or of suction ; we shall return to these, when speaking 
of the Digestive apparatus. 

606. The thorax of Insects occupies the middle part of their 
bodj ; and bears the legs and the wings. It is always composed 
of three rings, named prothorciXy mesotkorao!^ and metathorax 
(Fig. 293, a, \ c) ; and to the ventral arch of each of these seg- 
ments^ is £xed one of the pairs of legs. The wings arise, on the 
contrary, from the dorsal arch of the thoracic rings ; but the 
prothorax never bears them, and there never exists more than 
one pair of these appendages on each of the succeeding rings ; 
so that their number can never exceed two pairs. 

607. We may distinguish, in the limbs of Insects, a haunch 
composed of two joints, a thigh, a shank, and a kind of finger, 
named tarsus^ which is divided into several joints whose number 
varies from two to five, and is terminated by claws. Their con- 
formation differs ; but, as may be readily believed, it is always 
in relation with the habits of the animals. Thus the Insects 
whose posterior legs present a great length (Fig. 297)) usually 
jump rather than walk; amongst the swimming insects, such 
as the DytisciUj the NoUmecta (Fig. 298), and the Gyrtniw, vul- 
garly called Whirligigs (Fig. 299), the tarsi are usually flat- 
tened, fringed with hairs, and arranged like oars ; and amongst 




Fig. 297.— Locust. Fio- 298.'-NoTONacTA. Fig. 299— Gyrinus. 

those which can walk suspended from smooth surfaces, we find, 
under the last joint of these organs, a kind of cushion or cup, 
fitted to make them adhere to the body which they touch. 
Sometimes, also, the anterior legs are widened like those of the 
Mole, in order to enable them to dig in the ground ; the MoU- 
Crickety which often occasions considerable injury in our fields, 
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by cutting the roots which it finds in its way, presents us with 
a remarkable example of this form of structure. There also 




Fio. 300.— Mole-Crickbt. 



exist some species, amongst which these same limbs constitute 
organs of prehension, the leg being disposed in the manner of a 
claw, and being able to bend itself back against the preceding 




Fig. 301.— Mantis rbligiosa. 

joint, of which the edge is armed with spines. A large insect 

from the South of France, the 
Mantis religioga^ is formed in this 
manner. Again, we 'meet with 
some insects, amongst which the 
anterior legs are reduced to a ru- 
dimentary state, and bent back 
against the thorax, no longer serving 
for its movements, and easily 
escaping notice, so that at first 
sight we should believe these 
animals were provided with only 
four legs ; several diurnal Butterflies 
are in this condition (Fig. 302). 
608. The wings of Insects are leaf-like appendages, com- 
posed of a double membrane, supported on the inside by a 
more solid framework. When they are but slightly developed, 




Fig. 302.— Morpho. 
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they are soft and flexible ; but they soon dry up, and remain 
stiff and elastic. In general there are two pairs ; we never find 
a greater number, but sometimes one or other of these pairs is 
wanting ; and it is always from the last two rings of the thorax 
that they arise. Their form varies ; when they really serve for 
flight, they are thin and transparent, except when lightly covered 
with a kind of coloured dust, formed by scales of a microscopic 
minuteness, such as we see amongst the Butterflies ; but often 
those of the first pair become thick, hard, and opaque, and con- 
stitute a kind of sheath or casing, named elytra (a, Fig. 303), 

which, in a state of rest, covers 
over the membranous wings (6), 
and serves to protect them ; at 
other times these same wings, 
still membranous at their extre- 
mity, become hard and opaque 
towards their base, and are then 
designated under the name of 
demi-casings or hemelytra. We 
are acquainted, also, with some 
insects, amongst which the wings, 
instead of having a leaf-like 
structure, are divided into a 
number of membranes, barbed 
along the edges, so as to resemble feathers arranged in a fan- 
like manner ; this is seen in a genus allied to the Butterflies, 
and known under the name of Pterophorus, or Plumed-Moth, 




Fio. 303. 




'^^^u^ 



Fio. 304.— Ptbrophorus. Fig. 305.— Conofs. 

Again, when the posterior wings are wanting, they are generally 
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replaced by two small moveable threads, thickened at the end, 
which are called balancers (Fig. 305). 

609. The abdomen of Insects is composed of a considerable 
number of rings, moveable upon each other ; we can frequently 
reckon nine of these ; but at other times we cannot distinguish 
so many ; this appears to depend on the union of two or more 
of these segments with each other. In the perfect Insect, these 
rings never bear any legs or wings ; but those which occupy the 
posterior extremity of the body, often give attachment to ap- 
pendages, whose forms and uses vary very much. Sometimes 
they are simple bristles, or points, whose functions are not well 
known; as in the EpA^fnera (Fig. 334) for example. Sometimes 
these organs possess the form of hooks ; and 
constitute a more or less powerful pair of pin- 
cers, as amongst the ForficulcB^ or Earwigs 
(Fig. 306). At other times they are so 
arranged, as to act as a spring, and to enable 
the animal to throw itself forwards; the 
PodurcBy or Spring-iaiU, — small insects, 
which, in our climate, conceal themselves 
under stones, or keep themselves on the sur- 
face of still water, and which also live some- 
times in the snow of the coldest regions of the 
globe, show this mode of organisation. 
Again, in other instances, these abdominal ap 
have a more complicated struc- 
ture, and constitute an offensive 
weapon, or an apparatus des- 
tined to effect the deposit of 
the eggs laid by the animal in 
a place fitted for the development 
of its young; as examples of 
these organs, we may mention 

the retractile sting of the Wasps and Bees, and the piercer of 
the Tenthredos, or Saw-flies. The former is composed of a 
dart, formed of two sharp-pointed processes, placed within a 
homy sheath, or case, and having in each a furrow (completed 
into a canal by the union of the two) through which the poison 




Fio. 306— FoitncuLA. 




FlO. 307.— PODOBA. 
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flows, tbat is secreted by a small gland which is situated very 
near. In a state of repose all these pieces are drawn within the 
body of the animal ; but when the insect wishes to use it, he 
causes the sheath to project, and buries it^ together with his dart, 
in the skin of his enemy. Sometimes it is even impossible 
for him to draw it out ; the whole sting is then separated from 
the body, and remains fixed in the wound. The injury which 
results from this, quickly causes the death of the insect. The 
male is always destitute of this weapon ; hence it may be seized 
without danger : but the females, and generally the sterile 
individuals, called workers^ are provided with it : the puncture 
causes a painful inflammation. — The borer of the Ichneumons, 
of the FcmiAS (Fig. 308), and of many other insects, shows an 

arrangement very analogous ; and 
we generally observe in it a kind 
of small saw, by the aid of which 
the insect pierces the vegetable or 
animal tissues in which it desires 
to deposit its eggs. It is by thus 
piercing a species of oak, in the 
Levant, that the small insect, 
known by the name of Cytiips^ 
or Gall-fly, causes the formation 
of the Gall>nuts, of which so 
much use is made in the manu- 
facture of ink, and in the prepara- 
tion of black dyes. The small puncture effected by the Cynips 
causes an overflowing 
of the vegetable juices, 
and there soon results 
from this, an ezcres- 
cence, in the centre of 
which we find the eggs, 
or larvae, of the insect. 
610. Insects are pro- 
vided with highly de- 
veloped senses ; they evidently possess Hearing and Smell, as 
well asTaste, Sight and Touch; but even now the seat of the sense 




Fig. 306.— Foinus. 




Fio. 309.— The Ink-oall Insect, and the Insect 

BY WHICH IT IS PRODUCED. 
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of Smell has not been certainly discovered ; and amongst the 
greater part of these animals, no special organ of Hearing can 
be perceiyed. The antennse, and the appendages of the mouth, 
seem to be the principal instruments for Touch ; and the former 
may, perhaps, also serve for the perception of Sound. We also 
know very little of the apparatus for Taste ; but the organs of 
Sight have been better studied. — ^The structure of the Eyes is 
very different from that which we have seen amongst the higher 
animals. In general, the organ which at first sight appears to 
be a single eye, is, in reality, formed by the aggregation of a 
multitude of small eyes, each having a cornea, a vitreous body 
of a conical form, a layer of colouring matter, and a separate 
nervous filament* In the common House-Fly, for example, we can 
reckon four thou- 
sand of these dis- 
tinct eyes; and some 
insects are known, 
which have more 
than twenty- five 
thousand* All these 
little corneas are 

hexagonal, and are F10.3IO.— Headandeye8 0ftheBee:a,a,anteime;A,faoet6 
united together so enlarged; B, the same with hairs growing between them. 

as to form a kind of common cornea, whose surface presents a 
number of divisions, resembling the meshes of a net, visible 
only by the aid of a magnifying glass. (See Anim. Physiol. 
§§ 573, 574). Moreover, each of the small eyes, which 
altogether make up these compound organs, is perfectly distinct 
from those which surround it, and forms with them a bundle of 
tubes, each terminated by a nervous thread proceeding from a 
bulbous expansion of the same Optic Nerve. Nearly all Insects 
are furnished vrith two of these compound eyes, usually placed 
on the sides of the head ; but sometimes they are replaced by 
simple eyes ; and in other instances these two sorts of organs 
exist together. The structure of simple eyes, which are known 
also by the name of atemmata or ocelli^ has the greatest analogy 
with that of each of the elements of the compound eyes. The 
simple eyes are generally united in a group, to the number of 
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tbree, towards the top of the head. We know nothing certain 
of the manner in which these organs act upon the light that 
falls upon them ; nor of the mechanism of vision amongst 
Insects. 

611. Several Insects possess, in common with the higher 
animals, the faculty of producing 
sounds : but in general their song is 
not connected with the movements of 
the air in the respiratory apparatus, 
as amongst the former ; and depends 
upon the rubbing of certain parts of 
the body against each other, or on 
the movements produced in certain 
special instruments, by the contrac- 
tion of muscles. Thus the monoto- 
nous and deafening noise of the Cicada 
results from the alternate tension and 
relaxation of an elastic membrane, 
placed like the skin of a drum upon 
the base of the abdomen ; amongst 
the Crickets, there are certain parts 
of the wings, which, when rubbed 
against each other, vibrate with in- 
tensity, and which have a very curious structure for this purpose ; 
but the humming of Flies appears to depend upon the rapid exit 

of the air through 
the thoracic spira- 
cles, during the 
violent movement 
of flight. Again, 
there are some In- 
sects that utter a 
kind of cry, the 
manner of produc- 
such is the Sphinx Atropos^ 
Death Vhead Moth. (Anim. 




Fio. 311.— Cicada. 




Fio. 312.— Sphinx Atropos. 



ing which is not well known ; 
known under the name of the 
Physiol. §§ 676—679). 
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612. The Nerrous system of Insects shows the general 
arrangement, and the chief part of the modifications, which we 
have ahready described in treating of the Sub-kingdom, to which 
these animals belong (§ 595). It is principally composed of a 
donble series of ganglia, which are united together by longitu- 
dinal cords ; the number of these ganglia corresponds with that 
of the segments ; and they are sometimes at nearly equal dis- 
tances, and extend from one end of the body to the other, whilst 
in other instances several of them are connected together in such 
a manner, as to constitute a single mass. The cephalic ganglia 
present a very high development, and give origin 
to the nerves of the Antennse and of the Eyes, &c. 
The first pair of ganglia below the oesophagus sup- 
plies the nerves of the mouth ; and the cords which 
unite these nervous centres to the cephalic ganglia, 
and which pass round the oesophagus, give off on 
each side a nerve which goes back to the stomach ; 
and which joining itself with that of the opposite 
side, forms a single trunk, running on the central 
line above the digestive canal, and having two gan- 
glia in its course. The three pair of ganglia on the 
ventral cord, following those which are situated im- 
mediately beneath the oesophagus, belong to the three 
rings of the thorax, and are the points of departure of 
the nerves of the feet and the wings ; in general they 
are very close together, and are much larger than 
the succeeding pairs, which belong to the abdomen. 

613. The manner in which Insects are nourished, p^^ ^^^ 
varies very much ; some only live on the juices of nkrvous sys- 
plants and animals, others feed on solid food, and nsbct. 
are either carnivorous or devourers of plants ; and these differ- 
ences correspond vrith remarkable modifications in the structure 
of the mouth. Amongst ffnatoing insects, such as Beetles, 
Cockchafers, Cockroaches, and Locusts, this opening is furnished 
in front with a central piece, named Idbrum^ or upper lip (a. 
Figs. 314 and 315) ; and has on each side a kind of large tooth, 
moveable and very hard, called the mandible^ or upper jaw (ft). 
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which serves to divide the food. Immediately behind these 
mandibles is found a second pair of appendages, whose structure 

h a 



c:d 




Fio. 314. 
Head of Cockchafkr. 
a, labrum ; b» mandibles ; 
c, maxills ; d, tongue ; 
e, labial palpi; A an- 
tenns; ^, compound ^yes; 
A, ooellL 




Fio. 315.— Parts of thk 
MOUTH of Carabus ;— a, la- 
brum ; ht mandibles ; c, 
axiUs ; d, labium. 



is very complicated ; these are the second pair of jaws, termed 
tYie.maxilUB (c). Each of these last organs has on the inside a 
plate or cylinder, of greater or less hardness, generally armed 




Fio. 316.— Stag-bbstls. 



with notches or hairs, and having on the outside one or two 
small appendages composed of several joints, and termed maxH- 
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lary palpi. Again, behind the mazillffi is found a second pair of 
appendages, whose base is supported by a central piece, called 
the fnentum^ or chin. These appendages constitute the tongue 
((f, Fig. 314) ; they are applied against the maxilla, as these 
organs are themselves applied against the mandibles. We have 
further to mention a second pair of jointed moveable appendages, 
or palpi ; which are termed labial palpi^ — ^the name of labium^ 
or lower lip, being commonly given to the piece formed by the 
union of the tongue and mentum ((f. Fig. 315). The form of 
these various parts differs according to the nature and consist- 
ency of the food. The palpi serve principally for seizing the 
food, and holding it between the mandibles whilst these divide 
it. Sometimes the maxillae have an enormous development, and 
form a large pair of pincers on the front of the head ; an arrange- 
ment which is very remarkable among the Stag-beetles, and 
other species of the genus Lucaniu (Fig. 316). 

614. Amongst the mddng Insects, the maxillae or the labrum 
are lengthened, so as to constitute a tubular trunk; in the 
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Fio. 317-— Hbad or 
Anthophora. 



Fio. 318.— Parts of thk mouth 
skparated. 



interior of which we frequently find delicate filaments, perform- 
ing the functions of small lancets, and formed by the mandibles 
and maxillae modified to such a degree as to be hardly percep- 
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tible. Amongst the Bees, the Anthophoraa, or solitary Bees, the 
Humble Bees, and other Insects known by Zoologists under the 
name of Hymenoptera^ the bticcal apparatus* presents an 
arrangement, which is in some degree intermediate between these 
two extreme states. The labrum and the mandibles much resemble 
those of the gnawing Insects, and offer nothing very peculiar in 
their form and structure (a and b. Fig. 318) ; but the maxillae (c) 
and the tongue (d) are greatly elongated ; and the former have 
a tubular form, and inclose longitudinally the sides of the tongae ; 
so that these organs, united into a bundle, form a canal that 
serves for the passage of the food, always soft or liquid, by which 
these Insects are supported. This tube is moveable at its base, 
and flexible during the remainder of its length ; but it is never 
rolled up, as we shall find amongst the Butterflies. The man- 
dibles serve only to divide the materials, of which the Hymen- 
optera make their nests ; or else to seize and put to death the 
prey, whose juices these Insects suck. It is also to be observed, 
that there exist within the buccal cavity other solid pieces 
which are wanting amongst the gnawing insects; and which 
constitute valves destined to close the pharynx, whenever the 
movement of deglutition is not going on. 

615. Amongst the CicadsB, the Bugs, and other insects of 
the order Hemiptera^ the apparatus for suction is 
composed of the same elements ; but these present 
a somewhat different arrangement. The mouth is 
armed with a tubular and cylindrical proboscis, 
directed downwards and backwards (Fig. 319), 
and composed of a sheath inclosing four bristle- like 
prolongations, or setaB ; the sheath (a. Fig. 320) 
is composed of four joints, placed end to end, and 
representing the labium or under lip ; at its base 

Pro. 319.-BUO. ^ .6 • 1 J 1 X / • u- U 

we perceive a conical and elongated piece, which 
is analogous with the labrum ; lastly, the setcs (&, c), which have 
the form of fine threads, stiff and jagged at their points to be 

• The term buccal. refen to that which belongs to the mouth ; and the above 
expression is conveniently applied to denote the several parts collectively, which 
altogether make up the mouth, in whatever way they may be arranged. 
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able to pierce the skin of animals or the vessels of plants, are 

the representatives of the 
mandibles and the maxillae 
extremely elongated. In those 
Hemiptera which live at the 
expense of other animals, the 
proboscis is usually very firm, 
and folds into a semicircle 
under the head. Among those 
which are nourished by suck- 
ing vegetables, on the con- 
trary, it is nearly always thin, 
and is laid when in a state of 
rest against the lower side of 
the thorax, between the feet. 
Its length is sometimes so 
considerable, that it passes backwards behind the posterior ex- 
tremity of the abdomen. 

616. Amongst the Flies, also, the proboscis, which is some- 
times soft and retractile, sometimes horny and lengthened, repre- 
sents the under lip, and often bears palpi at its base ; a longi- 
tudinal channel occupies its upper side, which incloses the setcB ; 




Fio. 320.— Buccal Apparatus or an 

IlEMirrKROUS iNftKCT. 




Fio. 321.— Nbmkstrina LoNoiROdTRis. 



whose number varies from two to six, their analogues amongst 
the gnawing insects being the mandibles, the maxillse, and the 
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tongue. Sometimes this proboscis acquires an enormous length 

(Fig. 321) ; sometimes on the contrary it is hardly visible. 

Lastly, among the Butterflies^ which are also supported on 
liquid substances, but which And them at the bottom of the 

powers, and there- 
fore have no occa- 
sion for instruments 
to procure them, 
there exist no setcB 
performing the func- 
tions of lancets, as 
among the preced- 
ing ; and the mouth 
Fig. 322.-tri;nk op a /^ ^^Bi^^l^S^B (^ ^ furnished with a 

BuTTBRFLY ; a, heful ; 

6, base of antennae; c, -^s^t^e^=^A 

eye ; d, trunk ; e, ^3^^^ COiled iuto a Spiral, 

palpi. Fig. 323.-MOBPHO Hklbnor. ^^^ COmpOSOd of 

two slender filaments, each channelled on its internal edge, so 
that a tube is formed by the adhesion of the two ; these are 
nothing else than the maxillae very greatly lengthened and 
modified in their form. At the base of this tube is seen a 
small membranous piece, which is the representative of the 
labrum; and on each side, a small tubercle, the only vestige 
of the mandibles. We also perceive the rudiments of the 
maxillary palpi ; and behind is found a small triangular labium, 
having two very large labial palpi, composed of three joints, and 
nearly always clothed with scales. 

617. The alimentary canal generally presents a very com- 
plicated structure : sometimes it is straight, and has very nearly 
the same diameter throughout its entire length ; but usually it 
is more or less convoluted, and has several successive enlarge- 
ments, and contractions. We may distinguish in it (Fig. 324), 
a pharynx (a), an oesophagus (5), a first stomach or crop (c), a 
second stomach or gizzard {d)^ of which the walls are muscular 
and often armed with horny pieces fitted to triturate the food ; 
a third or true digestive stomach (0), whose texture is soft and 
delicate ; a small intestine ( /*)> a coecum, and a rectum {g). As 
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we see amongst the higher animals a connection between the 
nature of the food and the development which this canal acquires, 
so among the Carnivorous Insects it is generally very short ; 
whilst among Insects which are supported on Vegetable sub- 
stances, it is usually very long. 
The food which enters it, is at 
first moistened with the sa- 
liva ; the apparatus which 
secretes this liquid consists of 
a certain number of floating 
tubes, terminated sometimes by 
small follicles or sacs, and 
communicating with the pha- 
rynx by their excretory canals. 
A multitude of villi^ with 
which the digestive or chylific 
stomach is generally fiurnished, 
appear to serve for the secre- 
tion of a gastric juice ; and it 
is also into this cavity, that the 
bile is poured. There does not 
exist any liver, properly speak- 
ing, among Insects ; but] this 
organ is replaced by long and 
delicate tubes (A), which float 
in the interior of the abdomen, 
and open high up in the chylific 
stomach. (Similar vessels, open- 
ing lower down, take the place 
also of the urinary glands ; for 
uric acid has been found to be 
secreted in them.) By one of 
their extremities, the biliary 
vessels always open into the 
chylific stomach ; and the other 
extremity is sometimes free, 
but sometimes fixed to the intestine, either near the first opening 




324.— DioBSTivs Apparatus of Bsbtls ; a, 
pharynx ; b, asophagus ; c, crop ; d, giz> 
zard ; e, chylific stomach ; /, small intes- 
tine ; g, rectum ; h, biliary Te8sel& 
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or close to the rectum. Lastly we £nd, towards the extremity 
of the intestinal canal, other secreting organs, that serve to 
elaborate particular liquids (such as the poison of the Bee's 
sting), which several Insects can throw out from the extre- 
mity of their abdomen, when they are irritated. 

618. It would appear to be by simple absorption, that the 
chyle traverses the walls of the digestive tube and mixes with 
the Blood. This liquid is watery and colourless; it is not 
everywhere inclosed in vessels, but spreads itself out into the 
interstices, which exist between distinct organs, or which pre- 
sent themselves in the substance of their tissue. Insects are 
destitute of a regular circulation. We can clearly see very 
rapid currents in certain parts of the body ; but the nourishing 
liquid does not perform a circle in such a way as to return 
constantly to the point of its departure. There really exist 
amongst these animals only vestiges of a circulating apparatus. 




F(0. 325.— Circulation m Insects. 



We see near the dorsal surface of the body a longitudinal tube 
(a. Fig. 325), which performs alternate movements of contrac- 
tion and dilatation, analogous to those of the heart among the 
higher animals. The nourishing liquid penetrates into it by 
lateral openings, furnished with valves to prevent its reflux ; and 
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being propelled forwards by the successive contractions of its 
different chambers, it passes out in front by a series of canals, 
of which some convey it to the head, whDst others pass side- 
ways and backwards (5), for the supply of the body with its 
appendages, the legs and wings. On returning from these parts, 
it re-enters the dorsal vessel, partly at its posterior extremity, 
and partly by the lateral orifices already mentioned. 

619. It will be observed that, in this course, there is no 
special conveyance of the nutritious fluid, when rendered venous 
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in its character by circulating through the tissues, to a particular 



RESPIRATION OF INSECTS. 103 

organ for its aeration. If the Respiration of Insects were effected 
in the usual manner, hy means of lungs, or at the external sur- 
face of the body, it would have been consequently extremely 
incomplete ; but the disadvantage which would appear to be the 
necessary result of this great imperfection in a function so import- 
ant as the Circulation, does not really exist. Nature has made 
up the deficiency in the transmission of the blood, by conducting 
the air itself into all the parts of the body, by the aid of a multi- 
tude of canals, which communicate with the exterior, and which 
ramify minutely in the substance of the organs. These air- 
convoying tubes, known, as we have already said, under the 
name of trachecB^ present a very complicated structure : we 
can usually distinguish in them three coverings, 
of which the middle one is composed of a carti- 
laginous filament, rolled in a spiral, like an 
elastic spring. Sometimes they are simple ; 
but at other times they have a certain number 
of large dilatations, in the form of soft vesicles, 
which act as reservoirs of air. The openings by 
which the air penetrates into the tracheal are 
TUBB or iNSBCT. Called stigmata or spiracles ; they are generally 
simple slits, like button-holes ; but sometimes 
they have two valves, which open and shut like the leaves of a 
folding-door ; and they are frequently furnished with a kind of 
sieve or grating, to prevent particles of dust, &c., being drawn 
inwards by the air. We usually see one pair upon the lateral 
and upper part of each segment ; but they are often wanting on 
the two last segments of the thorax. The means by which the 
air is renewed in the interior of this respiratory apparatus, 
appears to consist generally only of the movements of contrac- 
tion and dilatation of the abdomen. As we have already said. 
Respiration is very active amongst these animals ; they consume 
a considerable quantity of air in comparison with their size, and 
they quickly die when they are deprived of oxygen ; but when 
they are in this state of apparent death, they may remain in it a 
very long time, without losing the power of being restored to life. 
620. The greater number of Insects produce but very little 
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heat; but some of these animals, in certain circumstances, give 
out a quantity sufficiently considerable to raise their temperature 
perceptibly. This is the case with Bees, when they are 
disturbed in their hiyes ; and it is noticed that their Respira- 
tion then becomes very active. (See Animal Physiology, 
§§ 410, 411.) 

621. Another most remarkable phenomenon, of which the 
cause is not fully known, is the production of light ; which is 
observed amongst some Insects. Of this the Lampyrisy or 
Glow-worm, is an example, which is well known to almost 
every one who frequents our fields. The male has wings and 
is not luminous ; but the female, which \a destitute of them, and 
which is often found on banks and hedges during the summer 
evenings, sheds a phosphorescent light that is often very brilliant. 

In another species of Lamp3rris 
which inhabits Italy, the indi- 
viduals of both sexes are at the 
same time winged and luminous ; 
but this singular property is 
especially remarkable among cer- 
tain Fire-flies, which live in the 
warm regions of America, and 

Fio. 328.— Male and Famalb Gu>w- i_» i_ j i. h • • xi_ 

^oKH. which produce, when flying m the 

darkness, a natural illumination of 
the most brilliant effect ; they are often placed by women in 
their hair as ornaments ; and we are told that the Indians use 
them to light themselves, when they travel by night. Among 
our Glow-worms, the light proceeds from certain spots situated 
upon the upper part of the two or three last rings of the abdo- 
men ; whilst among the Fire-flies, it comes from analogous spots 
placed upon the prothorax or corslet. It appears that the insect 
can vary at pleasure the intensity of this phosphoric light ; and 
that it continues during a certain time, when the animal is placed 
in a gas unfit for respiration, or even in a vacuum ; but that it is 
extinguished in cold water. 

622. The sexes are distinct amongst these animals, and there 
often exist very great differences between the male and female ; 
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the common Glow-worm has abeady afforded us an example of 
this (Fig. 328). Nearly all Insects lay eggs ; some of them are, 
however, viviparous. There often exists at the extremity of the 
ahdomen of the female, a dart, a saw, or some other organ, 
fitted to make holes for the reception of the eggs ; and by an 
admirable instinct, the mother always lays them in a place, where 
her young will find near them the food which they will require; 
and yet, in the greater number of cases, this food is not the 
same as she would seek for herself. During the early period of 
their lives, insects change their skin several times, and nearly 
always display some very singular phenomena, of which we have 
already seen an example amongst the Batrachian Reptiles. The 
greater number of them, at the time of their coming forth from 
the egg^ neither resemble their parents, nor have the form which 
they will themselves acquire at a later period ; and before arriv- 
ing at a perfect state, they undergo changes so considerable, 
that we cannot better designate them than under the name of 



623. Insects, in general, pass through three very distinct states, 
known under the names of the larva state^ the chrysalis state^ and 
the imago or perfect state ; but the changes which take place, are 
not always equally great ; sometimes these changes render the 
animal perfectly different, at other times they only consist in the 
development of wings ; and these various degrees of transforma- 
tion are known under the names of complete^ and of incomplete^ 



624. The insects which undergo a complete metamorphosis , are 
always more or less vermiform (or worm-like), when they come 
from the egg, and when they are in a larva state ; their body is 
long, almost entirely soft, and divided into moveable rings, of 
which the regular number is thirteen. Sometimes they are com- 
pletely destitute of feet ; at other times they are provided with 
a variable number of these organs ; but the conformation of these 
is not at all analogous to that of the same parts in the adult 
animal. They have, nearly always, simple eyes, but they are 
sometimes entirely destitute of them ; their mouth is usually fiir- 
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nished with mandibles and jaws, whatever may be the form that 
it will afterwards assame ; and we often see the first of these 
organs serving for locomotion, as well as for seizing the food. 




Fio. 329.— Larva, Pupa, and Imago of Papilio Machaon. 

These Larvas also differ in their form, and are sometimes known 
under the name of Caterpillars, sometimes under that of Worms. 
— After having remained in this state for a longer or shorter time, 
and having experienced several changes of skin, the wings begin to 
be formed beneath the skin, and the animal passes into Uie state of 
chrysalis. During the whole length of this second period of their 
existence, these singular animab cease to take any food, and re- 
main motionless. Sometimes the skin from which they have last 
freed themselves, dries up, and forms a kind of oval case, in the 
interior of which they remain shut up ; sometimes they are only 
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covered by a thin pellicle, which lies over the external organs, 
follows all their inequalities of surface, and causes the insect to 
appear as if closely wrapped in bandages. 

625. Before undergoing this metamorphosis, the Larva pre- 
pares a defence for .itself; and shuts itself up in a case, which it 
makes with silk^ secreted by salivary glands, and drawn out by 
the aid of spinnerets^ hollowed in the lips. In other instances, 
it suspends itself by means of threads, or conceals itself in some 
hollow. It is, however, whilst the insect is in this state of appa- 
rent repose, that active operations are going on within the body, 
of which the result is the complete development of the entire 
organisation. Its interior parts become soft, and by degrees 
assume the shape that they will preserve ; the different organs, 
with which the adult animal ought to be provided, are deve- 
loped under the envelope which conceals them ; and when this 
evolution is finished, it frees itself firom this species of mask ; 
spreads its wings, which are not long in acquiring firmness, and 
becomes a perfect insect or Imago, 

626. As an example of this complete metamorphosis, we can- 
not make a better selection, than by taking the Bomhyx Mori ; 
,.7t^ for this insect in 

its larva state pos- 
sesses for us an 
immense interest ; 
it is the silkworm^ 
the rearing of 
which contributes 
so powerfully to 
the agricultural 
prosperity of the 
southern countries 
of Europe, and the 

Fio. 330.— Silkworm. product of which 

gives origin to so much industry and wealth. This insect came 
originally firom the northern provinces of China, and was not 
introduced into Europe imtil the sixth century. The Greek 
Missionaries brought some of its eggs to Constantinople in the 
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reign of Justinian, and, at the period of the first crusades, its 
cultivation was spread into Sicily and Italy ; but it was not 
until the time of Henry lY. that this branch of agricultural 
industry acquired any importance in the southern provinces of 
France, of which it now forms one of the chief sources of wealth. 

627. The eggs of the Silkworm, when dry, have a gray-ash 
colour ; and with some care they may be preserved thus during a 
very long time without injury. In order that the work of incuba- 
tion may commence, and that the larvao may be hatched, the 
eggs' must be exposed for some time to a temperature of at least 
60^ Fahr. After having experienced an increasing heat for eight 
or ten days, they will become whiter ; and soon afterwards the 
larvffi will begin to come forth. These little animals, at the 
time of their birth, are only about a line and a quarter in length. 
Their body is long, cylindrical, annular, smooth, and commonly 
of a grayish colour ; at its anterior extremity we distinguish a 
head, formed by two hard and scaly tubercles, upon which are 
seen some black points, which are the eyes ; the mouth occupies 
the anterior part of this head, and is armed vnth strong jaws ; 
the three succeeding rings have each a pair of small scaly feet, and 
represent the thorax ; the abdomen is very much developed, and 
has no members upon its two first segments, but is furnished 
at the posterior end with five pair of fleshy tubercles, which 
resemble stumps, and which serve as so many feet. 

628. In the south of France, these worms are called nidgnans; 
and the name of Magnanerie is given to the establishments in 
which they are reared. The first care that they require after 
their birth, is to separate them from their shells, and to place 
them upon frames, on which they find the food adapted for their 
support. For this purpose it is usual to' cover the eggs with a 
sheet of paper, perforated with holes, through which the worms 
creep to get at the mulberry leaves placed above; and when 
they are collected upon the boughs which are covered with these 
leaves, they are carried away upon the frames prepared for their 
habitation. The food of the Silkworm consists of Mulberry 
leaves ; and consequently it is on the cultivation of this tree, 
that the capability of rearing these insects depends. The White 
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Mulberry is the species the most generally employed for this 
purpose. It is a tree which grows to the height of fourteen or 
fifteen feet ; it flourishes very well in all soils, and it is culti- 
vated with success even in the north of Europe ; but it never 
grows wild anywhere. The Mulberry came originally from 
China. Two Greek monks introduced it into Europe towards 
the middle of the sixth century, at the same time with the Silk- 
worm. Its cultivation was soon spread in the Peloponnesus, 
and gave to this part of Grreece its modem name of Morea, 
Thence the Mulberries and the Silkworms were conveyed into 
Sicily under the direction of King Roger, and acquired a rapid 
extension in Calabria. Some French gentlemen who had accom- 
panied Charles YIII. into Italy during the war of 1494, having 
known all the advantages which that country derived from this 
branch of agriculture, wished to bestow the same upon their own 
country ; and brought some Mulberry trees from Naples, which 
they planted in Provence and Dauphine. About thirty years 
since^ the first of these trees planted in France was still to be 
seen at Allan, near Mont61imart. At present the Mulberry 
trees cover a large part of the south of France ; they are even 
cultivated in the north ; and the success of some recent attempts 
appears to show, that they might be profitably cultivated in 
England. 

629. Silkworms remain in the larva state for about thirty- 
four days ; and during'this time they change their skins four 
times. The time comprised between these successive changes, 
constitutes that which the cultivators call the difibrent ages of 
these little animals. At the approach of each change they 
become dull and cease eating ; but after having cast off the skin, 
their hunger is increased. The quantity of food which they 
consume rapidly increases. It is computed that for the larvsd 
proceeding from an ounce of eggs, there must be generally about 
seven pounds of leaves during the first age, which lasts five da3r8; 
twenty-one pounds during the second period, which only conti- 
nues four days ; seventy pounds during the third period, which 
continues seven days ; two hundred and ten pounds during the 
fourth age, whose length is the same as that of the third age ; 
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and twelve or thirteen hundred pounds during the fifth period. 
It is on the sixth day of the last age, that the greatest voracity 
shows itself. The worms then devour two or three hundred 
pounds of leaves, and when eating make a noise which resem- 
bles that of a heavy shower. On the tenth day they cease 
eating, and prepare themselves to undergo their first metamor- 
phosis. We then see them endeavouring to climb upon the 
branches of small bundles of twigs, which have been carefully 
placed above the frames on which they have until then remained. 
Their body becomes soft, and a thread of silk comes out of their 
mouth, which they draw after them. They very soon fix them- 
selves, and throw around them a multitude of threads of extreme 
fineness ; and, suspended in the middle of this net- work, spin 
their Cocoon, which they form by continually turning themselves 
round in different directions — thus twisting round their body the 
thread which comes out from the spinneret, with which the lip 
is perforated. The silk, thus formed, is produced in glands, 
which have much [analogy with the salivary glands of other 
animals ; and the matter of which it is composed is soft and 
glutinous at the time of its first appearance, but soon becomes 
hardened by the air. The result of the different twistings of 
this single thread, is to cause the different threads to adhere 
together, and to form an envelope, whose tissue is firm and shape 
oval. The colour of the silk varies/ sometimes it is yellow, 
sometimes of a brilliant white, according to the variety of the 
worm which has produced it ; and the length of each thread 
often exceeds 1100 feet, but varies much, as does also the weight 
of the cocoons. The worms proceeding from an ounce of eggs 
may produce as much as 130 lbs. of silk ; but such an amount is 
rare ; and from 70 to 80 lbs. is the usual product. 

630. In general, three days and a half or four days are suffi- 
cient for the larva to finish its Cocoon ; and if we then open 
this envelope, we see that the aniiiial no longer presents the same 
appearance as before its seclusion. It has become of a brownish 
colour, its skin resembles old leather, and its shape is oval, a 
little pointed at its posterior extremity. We no longer distin- 
guish a head or jaws ; but the posterior extremity is formed by 
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two moveable rings, whilst in front we see an oblique band, 
representing the future wings of the perfect animal. The time 
during which the Bombyx remains thus shut up in a Chrysalis 
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state, varies according to the temperature. If the heat is from 
60 to 65 degrees, they come out of it in a perfect state on the 
eighteenth or twentieth day. In order to open the Cocoon, 
they moisten it at one extremity with a particular liquid, whicli 
they throw np from the stomach ; and then they violently strike 
their head against the part thus softened. When the Bombyx 
has thus finished its metamorphosis, it presents itself under the 
form of a Moth, with whitish wings ; its mouth is no longer 
furnished with jaws, as in its early state, but is prolonged into a 
rounded spiral trunk ; its legs are slender and lengthened, and 
its internal conformation difiors as much from that of the Larva, 
as its external form. Almost immediately after this second 
birth, the Moths seek each other for the purpose of reproduction ; 
and the females subsequently deposit their eggs, of which the 
number sometimes amounts to more than five hundred for each 
of these insects ; and at last, after having lived in a perfect state 
for ten or twenty days, during which time they take ho food, 
they die. 

631. Among Bees we meet with still greater changes ; since 
in their Larva state they are completely destitute of legs, and 
resemble small worms. It is the same with Flies, Gnats, 
and a great number of other insects ; thus the vermiform animals 
which swarm in putrid carrion, and which are known under the 
name of Maggots, are nothing else than the larvas of the Meat-fly. 
The Gnats or Musquitoes, which fly in such large swarms, and 
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. Fio. 333.— Gnat and Larva. 



which render themselves so unpleasant to Man by their venomous 
punctures, live in the water during their larva state. They 
are then vermiform, destitute of limbs^ and have the abdomea 

terminated by bris- 
ties and some appen- 
dages arranged in a 
radiated form (Fig. 
333); and from their 
last ring arises a long 
tube, by the aid of 
which the animal 
draws in from the 
atmosphere the air 
which it requires. 
To breatlie by this 
means, it suspends 
itself as it were from 
the surface of the 
water, with its head downwards ; and we see it performing this 
movement at short intervals. The Chrysalis continues to live in 
the water, and to move about there ; but instead of breathing 
like the larvae, it draws in the air which it requires by means of 
two pipes, placed upon the thorax. It floats on the surface of the 
liquid ; and after having completed its metamorphosis, the per- 
fect insect uses the skin of the chrysalis as a boat, until its long 
legs and wings have gained sufficient strength to enable it to 
move on the surface of the water, or to fly away ; but if its 
body happens to be submerged, as often occurs when the wind 
upsets these frail barks, it is infallibly drowned. 

632. The Insects with incomplete metamorphosis also pass 
through the larva and chrysalis state, before arriving at the 
perfect state ; but here the larva only differs from the perfect 
insect by the absence of wings ; and the state of the chrysalis is 
only characterised by the gradual development of the wings, 
which, at first folded back and concealed under the skin, then 
become free; but only acquire their full development at the 
period of the last change. We may mention, as examples of 
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insects showing this kind of metamorphosis, the Grasshopper 
and the Ephemersa or Day-flies. These last display a remark- 
able peculiarity ; since in general, insects change the skin for the 
last time, when they pass from the Chrysalis to the perfect state ; 
whilst the. Ephemera experiences one more change, before arriving 
at its complete form, in which it only lives for the space of a few 
hours. The larva of the Ephemera lives in the water, and 
differs very little from the adult, except in the shortness of its 
limbs, the absence of wings, and by the row of leaf-like ap- 
pendages which it bears on each side of its abdomen, and which 
it uses as organs of respiration and of motion in the water. The 
chrysalis only differs from the larva, by the presence of cases 
inclosing the wings. At the time when these organs should be 

developed, the in- 
sect comes out of 
the water ; and 
after having flut- 
tered about during 
some minutes, it 
takes its place upon 
an elevated object^ 
and there performs 
some violent move- 
ments, by means of 
which it casts away 
its enveloping membrane ; it is then only that its limbs attain 
their full length, and that the body acquires the colours which 
it will preserve. 

633. Some Insects, although undergoing considerable changes 
at an early period, do not pass through the complete series of 
transformations of which we have first spoken ; they appear to 
stop short in their development, never possessing any wings. 
The Fleas are thus circumstanced. When they come forth from 
the egg, they are destitute of feet, and have the form of small 
worms of a whitish colour. These larvsa are very active, and 
roll themselves in a circle or a spiral. They soon become of a 
reddish hue ; and after having lived in this condition during 
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twelve days, they shut themselves up in a small silky shell, of 
extreme delicacy, and are there transformed into a chrysalis ; at 
the end of about twelve days of seclusion, if the weatiber is warm, 
they come out of their envelope in a perfect state. 

634. Again, there are some Insects which do not pass 
through any metamorphosis, and which are bom with all the 
organs with which they will ever be provided ; but it is only 
among ApWouSy or wingless. Insects, that this mode of deve- 
lopment exists. The Poduta^ which has been already r^rred 
to, and the Louse, are of this kind. 

635. The class of Insects, which (as we have seen) is so 
remarkable for its organisation^ is still more so in regard to the 
habits (A the animals composing it, and the admirable instincts 
with which Nature has endowed a great number of them. The 
stratagems which they employ to procure themselves food, or to 
escape from their enemies, and the industry which they display 
in their labours, astonish all those who are witnesses of it ; and 
when we see them unite themselves into numerous societies, to 
make up for their individual weakness, helping each other by 
dividing the labour necessary for the prosperity of the commu- 
nity, providing for their future wants, and often even regulating 
their actions according to the accidental circumstances in which 
they find themselves placed, we are confounded at encountering 
amongst beings so small, and in appearance so imperfect, instincts 
so varied and so powerful, and intellectual combinations which 
so much resemble those of the reasoning powers. This snbject 
will be more fully treated of in iJie latter part of the present 
volume. At present we must confine ourselves to a sketch of 
the classification of this group ; which, on accounft of the immense 
number of forms included in it, must be more slight than that 
which has been given of the preceding classic. 

636. The subdivision of the Class into Ordekhs is founded 
chiefly upon the structure of the Month, the conformation of the 
Wings, and the nature 61 the Metamorphosis. Neither of these 
characters must be trusted to singly; ednce withib the limits t>f 
one group, we find consideirable variation. Thus in almost every 
order, we meet with apterous or tcingless insects ; luEi example df 
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whidtk we have already seen in the Glow-worm. SometimeSy as 
in that instance, the deficiency of wings is confined to one of the 
sexes — ^usnally the female ; whilst in other cases^ hoih sexes are 
destitute of these organs. Nevertheless there is a group, con- 
sisting of tiiree small orders, in which the want of wings is the 
mle and not the exception ; and the insects brought together in 
these, are associated together on account of Jheir resemblance to 
each other in general structure ; — whilst, on the other hand, the 
wingless insects first alluded to are left among the orders in 
which they are placed, on account of their correspondence with 
other insects of those orders in the structure of the mouth, the 
nature of the metamorphosis, &c, 

637. We may divide the Glass into two Sub-classes ; the 
members of the first of which (A) always undergo some degree 
of metamorphosis, and are usually possessed of wings in the 
perfect state ; whilst those of the second (B) undergo no meta« 
morphosis, and never become possessed of wings. — ^From the first 
sub-class maybe separated one order, in which there are no 
wings ; and there then remain m^ht principal orders, which are 
classed according to the structure of the mouth and wings. 

Sub-class A. 

Division a. — Winged insects undergoing metamorphosis. 

Order I. Coleoptera {Beetles), In these the mouth is 
formed for mastication ; the anterior wings are converted into 
hard elytra^ or wing-cases ; the posterior wings are folded trans- 
Tcrsely (or cross- wise) during repose; and the metamorphosis 
18 complete. 

Order II. Orthopteba (Grasshopper^ Locust^ ^c). In 
these also the mouth is formed for mastication ; the anterior pair 
of wings is composed of a substance more resembling parchment ; 
the posterior pair, when in repose, is folded longitudinally (or 
lengthwise) in the manner of a fan (Fig. 369) ; and the meta- 
morphons is incomplete. 

Order III. Neuropteba {Dragon-fly^ Mayfly). In these, 
too, the mouth is formed for mastication ; but the anterior pair 
of wings, like the posterior, is membranous ; and the nerves of 

i2 • 
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the wings fonn a close reticulation or network by their inter- 
lacement. The degree of metamorphosis is variable. 

Order lY. Hymenoptera (Bee, Wasp, Saw-fly). In these, 
the mouth is still furnished, as in the preceding, with prehensile 
mandibles, but the other parts are so formed as to be rather: 
fitted for suction than for mastication ; the wings are all mem- 
branous, but the nerves do not form such a minute reticulation 
as in the preceding order; the metamorphosis is always complete. 

The four preceding orders, in which mandMes are always 
distinctly present, form the group of Mandibulata; the four suc- 
ceeding, in which the mandibles are wanting or are completely 
changed in form, and in which the other parts are adapted for 
suction, being converted into a more or less complete hauiteUium 
or sucking-tube, are termed Haustellata. 

Order V. Homopteba {Cicada^ Lantemrfly). In this order, 
the four wings are of the same consistence, and are rather firmer 
than usual, being often somewhat parchmenty in texture ; when 
folded, they incline at an angle, like the roof of a house. 

Order VX. Hetbroptera {Bugs, Boatflies). The consist* 
ence of the two pairs of wings is here different, the anterior pair 
of wings being of a homy or parchmenty consistence (though 
generally tipped with membrane), whilst the posterior are simply 
membranous ; when folded, they are horizontal, or but slightly 
inclined, and sometimes lap over each other. 

Order VII. Lepidoptera {Butterflies and Moths). These 
have the mouth famished with a long tmnk, coiled in a spiral 
when not in use ; the wings are all membranous, and are covered 
with minute scales, having the appearance of fine dust, but 
arranged with the most perfect regularity ; the metamorphosis 
is complete. 

Order VIIJ. Diptera {Gnats, Flies, ^c.) In these there are 
but two wings ; the mouth is furnished with a sucking-tube ; and 
the metamorphosis is complete, or nearly so. 

Division 6. Insects undergoing metamorphosis, but destitute of 
wings. This division includes but a single order. 

Order IX. Apbaniptera {FUa, S^c.) In this group, also, 
the mouth is formed for suction ; and the insects composing it are 
parasitic, living upon the juices of other animals. 
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Sub-Class B. 

The small remaining section, consisting of Insects which un- 
dergo no metamorphosis, and are destitute of wings, includes 
two orders. 

Order X. Anotlovra {Lotue), These are distinguished from 
the succeeding, by the absence of appendages to the abdomen. 

Order XI. Thysanoura {Spring^taiU^ S^e.) In these the 
abdomen is furnished with false legs, or appendages, adapted for 
leaping. 

Besides these principal groups, there are some small interme-- 
diate orders, by which the former are connected. These are not 
admitted, however, by all Entomologists. Thus the Earwig 
tribe, which combines, in some degree, the characters of the 
Coleoptera and Orthoptera, is raised by many to the rank of a 
distinct order — Dermaptbra, which leads from the first to the 
second order. Again, a separate order — Trichoptera, has 
been formed to include the Caddice-fliea^ which are intermediate 
between the Lepidoptera and Neuroptera. And, lastly, there is 
a small order — Strepsiptera, or Ehipiptera, which includes a 
small group termed Wctsp-flieSy intermediate, in several respects,, 
between the Hymenoptera and Diptera, but differing from both 
in so many particulars, as apparently to require being arranged 
by themselves. 



Order I.— COLEOPTERA, OR BEETLES. 

638. The insects composing this Order, all of which are known 
under the common name of Beetles^ are the most numerous and 
best known of the whole class. The singular forms and brilliant 
colours exhibited by many of the species, the size of their bodies, 
the solid texture of their integuments, which facilitates their 
preservation, and the nature of their habits, which makes 
their capture more easy, have combmed to render them an ob* 
ject of peculiar attention to Entomologists, many of whom have 
devoted themselves to this order exclusively. It is probable 
that from 30,000 to 40,000 species of Beetles alone now exist in 
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the cabinets of collectors ; and we may safely afi&mi, that at least 
as many more yet remain to be discovered. 

639. The conversion of the first pair oi wings into elytra^ or 
hard wing-cases, and the complete inclosnre of the second paii^ 
by these, when the insect is at rest, constitute, as we hare seen, 
the distinguishing features of the Order. The elytra, when 
expanded, are of little or no use in flight, generally remaining 
nearly motionless ; when closed, they meet along the back in a 
straight line, which is called the future. The structure of the 
mouth, in this order, has been already described. The head is 
provided with two antenna, which vary inform, but which have 
usually eleven joints ; the form of these often differs considerably 
in the two sexes. The eyes are large and protuberant, espe- 
cially in the carnivorous species, and in those, the slowness of 
whose habits makes them need quick powers of sight, for the 
purpose of avoiding their enemies. Of the three segments of the 
thorax, the anterior one (commonly termed the corslet) greatly 
surpasses the two others in rize ; being so much developed at 
their expense, as almost to constitute the thorax by itself. The 
two latter segments are firmly united to each other, and to the 
comnaencement of the abdomen ; and the chief movement of the 
parts of the trunk upon one another, is between the first and 
second segments of the thorax ; the latter being prolonged for- 
wards into a sort of footstalk, which is received into a cavity in 
the former, and thus serves as a kind of pivot for its movements. 
The abdomen usually consists of only six or seven segments ; the 
remainder of the nine, which properly form this part, being 
consolidated in the last. 

640» Although the characters already mentioned are applica- 
ble to by far the greater number of insects included in this Order, 
nearly all of them are subject to exceptions. Thus, there are 
many species, in which ihe organs of flight seem altogether 
wanting^ in one sex, at least, as in the female Glow-worm ; even 
here, however, the rudiments of elytra will be found. In other 
instances, the elytra are fully developed, so as to cover the upper 
surface of the body ; but adhere together along the suture, so as 
to prevent the expansion of the wings, which ate, consequently. 
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never developed ; this is the case in the Blapg (Fig. 349). In 
other cs^s, again, the elytra, instead of simply meeting along 
the sature, fold over each other ; in other instances, they do not 
meet at all ; and there are some species in which the wings are 
folded, not transversely^ but Imgitttdinally^ as in the next order. 
It is well for the Student to be aware that such exceptions exist 
in this, as in every other large natural group ; however definite 
its characters may generally be. In none of these instances, is 
there an exception as to more than one or two of the characters 
in question ; the remainder conform to the usual type. 

64 1 . The Metamorphosis in this Order is invariably complete; 
and it is thus distinguished from all that approach it in the 
structure of its mouth, or in the character of the wings. The 
larvce are worm-like in their aspect ; the head is usually homy, 
the rest of the body soft. There is generally a pair of short 
jointed legs attached to each of the first three segments, bearing 
3ome resemblance to those of the perfect insect. Those which 
possess legs are 
usually active in 
their habits ; but 
there are others 

which, leading a 
retired life, and 
being bom in the' 

midst of their food 

(such as the Nut 

Weevil), are des- 
titute of members. 

The larvae of the 

carnivorous species 

have in general the 

most robust legs ; 

and in some of the 

herbivorous species 

these are replaced 

by fleshy tubercles, 

oxprO'Ugs. A pair of these generally exists on the last segment 




Fro. 335.— Larva, Pupa, and pkrfrct states of 
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of the abdomen. Previously to undergoing its change, the hurra 
often forms a case for itself, of bits of earth, or chips of wood, 
united by silken threads, or by gluey matter. The pupoy or 
chrysalis, is inactive, sometimes even for years, and takes no 
nourishment ; but the form of the future Beetle is plainly 
perceive49 the different parts being encased in distinct sheaths. 
(Fig. 335). 

642. There is much difficulty in forming a simple natural 
classification of this immense tribe, on account of the great num- 
ber of distinct species which it includes, and thdr strong general 
resemblance to each other. Hence it is often necessary to resort 
to characters of great minuteness as the ground-work of the 
system ; and it sometimes happens that, by the adoption of such 
a plan, tribes which are in reality closely allied in general struc- 
ture, are placed in different groups, whilst others are brought 
together which are in many respects dissimilar. No better 
system, however, has yet been proposed than that of LatreiUe ; 
who took as the basis of his classification the number of joints 
in the tartus or last portion of the foot (§ 607)« The four 
following sections are thus formed. 

I. Pentamera (five-parted), in which the tarsi of all the 
feet are distinctly 5-jointed. 

II. Heteromera (differently-parted), in which the tarsi of 
the first two pairs of feet are 5-jointed, and the two posterior 
4-jointed. 

III. Tetramera (four-parted), in which all the tarsi appear 
to be 4-jointed. (It has lately been observed, however, that the 
fifth joint exists in these, although it is very minute, and con^ 
cealed in one of the others.) 

IV. Trimera (three-parted), in' which all the tarsi have 
three distinct joints. (A fourth of small size, however, is also 
present) 

Each of these sections contains several families ; of which the 
most important will now be noticed. 

643. Section I. Pentamera. The first family of this 
section consists of Beetles which are exclusively carnivorous ; 
hunting after, and devouring, other insects; and being carnivorous 
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even in their larva state. These Carnivora are characterised 
by the possession of six palpi, — ^there being two to each of the 
mazillas (Fig. 315), — and by the termination of the jaws in a 
sort of claw or hook. Some of them are terrestricdy and others 
aquatic ; in the former, the legs are adapted only for running ; 
in the latter, they are modified for swimming. — The terrestrial 
division of the family is composed of two very large tribes, the 
Cidnddidoo and the CardbidcB, characterised chiefly by the form 
and mode of attachment of the hook at the end of the jaws. The 
CicindelidcB have the body usually of a dark or light-green colour, 
varied with shining metallic tints, and with white spots upon 
the el3rtra ; they frequent dry situations exposed to the sun, run 
very quickly, fly off when they are approached, and alight again 
at a short distance. The larvsB burrow in the earth, forming a 
cylindrical hole of considerable depth ; in the process of excava- 
tion they use their jaws and feet, and load the concave back of 
their heads with the grains of earth which they have detached ; 
thus loaded, they ascend backwards, 
resting at intervals, and fixing them- 
selves to the inner walls of their 
burrow by the assistance of two 
hooked tubercles on the back ; when 
arrived at the orifice, they jerk off , 
their load to a distance. Whilst 
lying in ambush, the flat plate of the 
head exactly stops the mouth of the 
hole, forming a flat surface with the 
surrounding soil. When their prey 
comes within their reach, they rush 
upon it with great ferocity, and seize it between their powerful 
jaws ; and their voracity is even extended to larvsd of the same 
kind. They close the orifice of their burrow when they change 
their skin, or undergo their metamorphosis into the pupa state*. 
There are several British species of this group ; as well as a 
large number of brilliantly-coloured tropical species, of which 
many are apterous. 
. 644. The tribe of Carabida is of very great extent ; above 
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2000 Species having been hrought together by a single collector. 
Their bodies are of very firm conastenoe, 
whereby they are enabled to creep under 
stones and through fissures^ and are tijko 
prevented from being injured by the 
insects they attao)^. They prowl about 
on the surface of the ground, under 
stones, &c., beae^th the bark of tree^^ or 
the moss growing at their roots^ in 
sei^'ch of their insect prey, which con- 
sists chiefly of the herbivorous species of 
their own order^ S<Hne of them ara 

PlO. 337.--CARABU& . I . ., . t V'A L^ J« 

nocturnal m their habits,|feeding upon 
Cockchafers and othef species of herbivorous beetles that fly 
abroad during the nighl. The habits of this tribe are. not 
exclusively carnivorous, however, for some species, gmerally 
found in com fields, are clearly ascertained to feed upon growing 
grain.-r-Many species of this tribe are provided with a very 
curious means of defence ; being enabled to exhale a very fetid 
odour, and to disohsirge from the abdomen, to a considerable 
distance, an acrid fluid, capable of producing much irritation. 
In the Brachinus this fluid is so highly volatile, that, immedi- 
ately on coming in contact with the ur, it passes into a bluish 
yapour of very pungent scent, and makes a sort of 
A^ explosion ; hence the species possessed of this power 
)jt^ have be^i termed Bombardier Beetles. The larger 
M^Y species are found only in tropical regions; but the 
^ ^ small species represented in the accompanying figure, 
BoMBARiuBR ^^ 8 uatlvo of Euglaud. The Bombardier Beetles for 
Bbctlk. ^j^3 mogfc pjj^ liyQ Jq societies, especially in spring ; 
and are found concealed under stones. Of the entire fiunily, a 
eonsidenible proportion are found in Britain and other temper- 
ate countries ; but the largest and most brightly-coloured species 
are confined to warmer climates. 

645 . The aquatic C^mivora form a tribe fax less numerous than 
the terrestrial species ; and are at once distinguished by the pecu-^ 
liar modification of the legs, which adapts them for swimming. 
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— ^theae members being flattened, and fringed with bristles, so as 
to serve as oars. They live, during their larva and perfect 
states, in water ; but they quit that element to undergo their 
metamorphoses, and to pass the time of their pupa condition. 
The larvsB have the body long and narrow, with a strong head 
armed with powerful mandibles ; and they are of very active 
carnivorous habits. They breathe by organs adapted for aquatic 
respiration ; but the perfect insects can only breathe ur, and are 
obliged to come to the surface occasionally for that purpose. 
^^^g^^ The Dytucug, the 

J^^^^P^^^W ditches. Its larva 

!;^\>?Or^gpP*^ feeds upon other 

^-' aquatic larvsB, such 

Fm. m-Dvn8cu8 Maroinalis and Labva. ^ ^^ ^^ ^^^^ 

flies, gnats, &c. ; and moves quickly through the water, by means 
of strokes with its expanded tail. The pnpsB may be found buried 
in the adjoining banks. The Imago also is very voracious, feeding 
principally upon the juices of the animals it attacks, which are 
often mnch larger than itself; an individual has been kept in a 
brge bottle of water for three years and a half, being fed once 
a week or oftener with a bit of raw beef, from which it extracted 
the blood, but being able to fast for a month at a time. — The 
other principal genus is the Gyrinus (Fig. 299), the common 
species of which are known under the name of ^' Whirligigs," 
from their peculiar motion. These may be met with, from the 
first fine days of spring until the end of autumn, on the surface of 
quiet waters, and even upon that of the sea, often assembled in 
great numbers, and appearing like brilliant points. They swim 
with great agility, often curveting in a circular direction, — 
whence their common name. Sometimes they remain stationary 
without the slightest motion ; but no sooner are they approached, 
than they escape by darting under the surface of the water, and 
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swimming off with the greatest agility. The four hind-legs are 
used as oars, and the anterior pair for seizing the prey. When 
they dart beneath the surface, a bubble of air, like a silvery ball, 
remains attached to the hind part of the body. — Numerous species 
of both these genera are found in Britain. 

646. The next &mily of the Pentamerous Beetles is that of 
Brachelttra, distinguished, as the name imports, by the short- 
ness of the d^ra ; these, which have only four palpi, contain 
but a single tribe, composed of the genus Staphylinut and its 
allies. These insects run and fly with equal 
agility; they are extremely voracious; but do 
not feed on living prey, deriving their nutriment 
firom dead and decaying animal and vegetable 
matters. The majority live in the earth, amidst 
manure and putrescent substances; others are 
found among Fungi and rotten wood, and under 
stones ; others, again, are only met with near 
water ; and a few of the smallest are only found 
LINUS Erytbbop- in flowers. The larvsB feed on the same sub- 
TKRU8. stances^ and in the same situations, as the perfect 

insects ; and greatly resemble them in form. These Beetles, — 
of which one of the largest is frequently to be seen running about 
garden-walks, and is commonly known under the name of the 
Devil's Coach-horse, — turn up the end of the body when touched, 
bending it in all directions ; and they possess the power of emit- 
ting a strong odour, which is in some instances extremely fetid, 
and which serves as a means of defence* 

647. The next family, Serricornes, is distinguished by the 
toothed or serrated form of the antennas^ As in the preceding, 
there are only four palpi ; but the el3rtra completely cover the 
body. Some of this family, having the body of solid consistence, 
and oval in form, have the head buried, as it were, in the thorax, 
which advances on its two sides, nearly as far as the mouth. 
In this manner is formed the Buprestity distinguished for the 
splendour of its colours ; many of its species having spots of 
golden hue upon an emerald ground ; whilst in others, azure 
glitters upon the gold. The largest and mpet brilliai^t species 
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are found chiefly in tropical climaieSy which these insects appear 
especially formed to inhabit ; oar native species, which are not 
above a quarter of an inch long, being observed to fly with the 
greatest activity in warm weather. They live among trees ; and, 
if an eflbrt be made to seize them, they counterfeit death, and fall 
to the ground. — ^The Beetles belonging to the allied genus, Elater^ 
are commonly called Skip-jacks ; for, when laid on their backs, 
being unable to raise themselves on account of the shortness of 
their legs, they spring perpendicularly in the air, so as to alight 
upon their feet. This is effected by first bending the head and 
anterior portion of the thorax towards the abdomen, and then 
violently straightening it, so as to give a backward stroke against 
the Burfiice on which they are lying. The larva of one of the 
British species, known to the farmer as the Wire- worm, does 
much injury by devouring the roots of the com. A species of 
Elater, inhabiting the West Indies and South America, is one of 
the most brilliant of the Fire-flies ; having two brightly-illumi- 
nated spots upon the front of the thorax, and a portion of the 
abdomen which is uncovered during flight being also very lumi- 
nous. — Nearly allied to the Elaters is the Lampyrit or Glow- 
worm tribe ; of which sufficient mention has been already made. 
— To the same very numerous family belong the genus Piinus 
and its allies ; one species of which is well known under the 
name of Death-watch. These are insects of small size and slow 
movements ; many of them are destitute of wings ; and those 
which possess them seldom use them as means of escape. When 
touched, they counterfeit death by lowering the head, drawing 

in the antennae, and contracting 
their feet ; and they remain in 
this position for some time. Their 
colours are always obscure, and 
but slightly variegated; and 
they live in dark places near 

Fig. 341. — Anobium striatum. Natural xi. _* rj.x^ j 

s»a AND maonifibd. or upon the surface of the ground. 

Of the sub-genus, Anohium^ 

many species inhabit the interior of our houses, where they 

do much injury in the larva state, by gnawing furniture^ 
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books, &c.y which they pierce with little round holes, like those 
made by a drill. Other species feed upon flowers, wafers, pre- 
terved specimens of natural history, &c. The cnrious sound 
made by them-^from which have arisen the superstitions ideas 
that gave origin to their common name,— has been elsewhere 
noticed (Anim. Physiol. § 677)* The species is rematkable for 
the pertinacity with which it feigns death when alarmed ; pre- 
ferring, it is said, to suffer death under a slow fire, rather than 
giTd the least sign of Hfe. 

648. The succeeding family, that of Clayicornes, consists 
of those Pentamerous Beetles, whose antennsB end in a club- 
shaped enlargement. These are partly terrestrial, and partly 
aquatic. They feed for the most part on animal matter, at least 
hi the larva state ; but a large proportion of them prefer sub- 
srtances which are in a decaying or putrescent condition. One of 
the most interesting genera is the Necrophorus or Burying BeeUe; 
so uam^ from its habit of excaYating the ground beneath the 
dead bodies of small quadrupeds, such as Mice or Moles ; when 

ihey have interred the carcass, they deposit 
their eggs in it, and the larvae, when hatched, 
feed upon the flesh. — Another genus, which 
includes a large number of species, is the 
Dermegtes; of which the larvae (whose bodies 
are hairy) are very voracious, feeding on the 
^J^^^ skins or carcasses of animals, often destroying 
collections of insects, and committing great 
ravages in fur- warehouses. 

649. The Palficornes also possess antennsB with a club-like 
termination ; but these are never longer, and «re usually shorter, 
than one of the pairs of palpi. Nearly all of them are aquatic, 
and have their legs adapted for swimmings somewhat in the 
manner of those of the Dytiscus. The most remarkable genus 
is the Hydrophilus^ of which one large species, an inch and a 
half long, oval, of a brown-black colour, and highly polished, is 
common in the ponds and ditches of this country. It swims and 
flies well, but walks badly. The eggs are laid in a sort of cocoon, 
«pun by the female, and coated with a gummy matter that is 
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imp^rvioTifl to the water on which it floats. Thie larvae, which have 
a worm-like hody, with six feet, and with sharp 
mandibles arming the head, are very voracious ; 
feeding upon Tadpoles and the young fry in 
fish-ponds, and upon small fresh- water MoUusea. 

650. The last family of the Pentamerous sec- 
tion, the Lamelligornes, is of very great extent, 
as well as one of the most striking of the whole 
Beetle tribe, in regard to the size of the body, 
and the variety in the form of the head and thorax HvDiwps^bs. 
in the different sexes ; and also, moreover, in those 

species which in their perfect state live upon fresh vegetable sub- 
stances, in respect to the brilliancy of the metallic colours with . 
which they are ornamented. But the majority of other species, 
which subsist on decomposing vegetable matter, are of an uniform 
brown or black colour; although some are not inferior in brilliancy 
to the preceding. All have wings ; and they crawl but slowly 
along ttie ground. None of them are aquatic. Their food consists 
of dung, manure, tan, and particularly, in sonie species, of the 
roots of vegetables ; whence these insects, in their larva state 
especially (this being always the period of greatest voracity), 
often occasion great loss to the cultivator. — ^This family receives 
its name from the peculiar conformation of the antennsB, which 
terminate in a mass formed of the last three joints ; these are 
flattened into plates or lamellas, and are sometimes arranged like 
a fan or the leaves of a book, sometimes in the manner of a 
comb, and sometimes inclosing one another. The family is 
divided into two principal sections, the SearabiBi and the 
LucarU. 

651. Of the ScarahcBif one subdivision, including the sacred 
Beetle of the Egyptians (Fig. 344), feed principally upon the 
excrements of various animals ; and they inclose their eggs In 
balls of the same (whence they have been called Pihilairii), 
which they roll along with their kind feet, several often 
being in company, until they reach the hole in which these 
are to be deposited. Of these we have a characteristic ex- 
ample among British species, in the Geotrupes stercorarius^ the 
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common Dor or Shard-borne Beetle ; which is one of the com- 
monest of all Beetles in this country. One of the meet 
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remarkable amongst foreign species is the Dyruutei HercuUi^ 

a native of Brazil, 
which attains the 
length of 5 inches, 
and of which 
the male pos- 
sesses an enor- 
mous horn pro- 
jecting from the 
head, which is 
opposed by a corresponding protuberance from the thorax. To 
this group also belongs the Melolontha mdgarii or common 
Cockchafer ; which is most destructive to vegetation in both its 
larva and perfect conditions, feeding on the roots in the one case, 
and on the leaves and young shoots in the 
other. The larvsa live for three or four 
years beneath the ground; becominglethargic 
in winter, but actively voracious in summer. 
Their excessive multiplication is usually pre- 
vented by birds'; but if these be kept away, 
they increase very rapidly, and become a 
complete pest to the cultivator. The perfect 
insects sometimes make their appearance in such swarms, as to 
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devastate an entire forest. To this group also belongs the 
Cetonia aurata or Eose-beetle, a very common British insect, of 
which a figure has been already given (Fig. 335) ; it is about an 
inch long) of a shining-green colour above, coppery-red beneath, 
with white marks on the elytra. In its larva state, it frequents 
rotten timber and wood, and is often met with underground in 
ants' nests, where it would seem to feed upon the bits of wood 
of which they are composed ; from this circumstance it is some- 
times called the *' king of the ants." After remaining about 
three yeais in the larva state, it makes a sort of cocoon of chips 
of wood, glued together by an excretion of its own ; in this it 
passes the winter in the state of an inactive pupa, from which it 
emerges in the following summer in its perfect form. The Kose- 
beetle flies well, with a considerable humming noise, during the 
hottest part of the day; and goes from flower to flower (not 
confining itself to Roses, but seeming to prefer them), sucking the 
honey from their interior, and sometimes devouring their nectaries. 

652. The Lttcani^ or Stag-Beetles, derive their common name 
from the peculiar form of the mandibles, which are very large, 
curved, and toothed, like stags' horns (Fig. 316). The Ltteanus 
cervusy a highly-characteristic species of the group, is one of the 
largest of British insects, the males being two inches or more in 
length. This species flies about in the evening, in the middle of 
summer, especially round the oaks, upon the wood of which the 
larva feeds; remaining in that state 
for several years, before undergoing its 
final transformation. The accompanying 
figure represents the JDorcus parallelipi' 
pedusy or Small Stag-Beetle of this 
country; which is far less striking 
than the larger species in regard to the 
development of its maxillae. Some of 
the exotic species of this group are very 
large and splendidly coloured. 

653. Section II. Heteromera. The 
Goleoptera of the Second section, cha- 
racterised by possessing five joints in the tarsi of the two anterior 
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paiirs of feet^ and of only four in the posterior tarsi, entirely feed 
on vegetable substances ; they are all terrestrial, and most of 
them frequent dark places. — In the first family, the Melasoma 
or black-bodied Beetles, the body is usually of an ashy-brown or 
black colour ; and the wings are for the most part absent^ the 
elytra being united along the suture. They usually live in the 
ground, beneath stones, or in the sand — often also in low and 
dark parts of buildings, such as cellars, stables, &c. The insects 
of this tribe are very tenacious of life ; individuals having been 
known to remain alive for six months without food, and pierced 

through with a pin. To 
this family belong the 
Blap8 mortuagOj a beetle 
often found in dark and 
dirty places about houses; 
and the Tembrio molitor^ 
of which the larva, known 
under the name of the 
meal-warfn, lives in com 
and flour, whilst the per« 
feet insect also frequents 
bake-houses, com-mills, &c., where it may be often found in 

the eaves. 

654. We may pass over the families 
of Taxicornes and Stenelytra, as pre- 
senting no points of special interest, to notice 
theTRAGHELiBES (necAi^beetles), SO named 
from having the head, which is triangular 
or heart-shaped, carried on a kind of neck, 
which separates it from the thorax. The 
body is soft ; and the elytra are flexible, 
and sometimes very soft. The majority 
of this group live in the perfect state upon 
Afferent vegetables, devouring the leaves, 
or sucking the juices of the flowers. — 
Many of them, when seized, depress the head and contract the 
feet, as if they were dead. Their colours are often, very brilliant. 
This is well seen in the Cantharis vmcatorta^ commonly known 




Fro. 360. 
Tknbbrio Mo- 

LITOB. 



Fio. 349.-- Blaps Mortisaoa. 




Fio. 361.->Carthabis 

VSSICATOmA. 
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as the Blistering-fly, which is of a shining green metallic hue; this 
insect is most abundant in Spain, bnt appears about midsummer 
in France, and is found in great numbers on the ash and lilac, 
of which it consumes the leaves. Its larva lives in the earth, 
and feeds upon the roots of vegetables. 

655. Section III. Tetramera. All the Beetles of this 
group, likewise, — consisting of those which have four joints in 
all the tarsi, — are vegetable-feeders. The perfect insect is found 
upon the flowers and leaves of plants; the larvso are often produced 
in their interior ; and, when thus hatched in the midst of their 
food, their legs are commonly very imperfect. Very often the 
true legs are almost entirely absent, and their place supplied by 
fleshy tubercles. The first family, that of Rhyncophor^, or 
the Weevil tribe, is distinguished by the prolongation of the 
anterior part of the head into a kind of muzzle (Fig. 352, d). 
The number of species in this family is very great ; nearly four 
thousand have been already collected. Many of them are 
extremely destructive ; especially the Calandra granaria^ which 
commits great havoc in granaries, both in its larva and perfect 
states. The accompanying figure exhibits the history of the 

development of the 
Balaninvu nucum^ or 
Nut- Weevil, whose 
larva is so common- 
ly found in nuts, fil- 
berts, &c. The egg 
is introduced by the 
parent when the nut is 
young and soft ; and 
the wound made by it 
heals over. The larva, 
when it comes forth 




r^v.h'niif-fro'^ ti'^ «gg' f<«ds 



Fio. 352.— A, a branch of the filbert \ 
wound caused by the introduction of the egg c 

weevil ; b, extremity of the nut ; c, exit hole of the upOU the kernel in 
grub ; B, the grub of the nut- weevil ; c, the pupa of the \,* 'i •> • • u jj j 
same ; d, the perfect insect (Balaninw nucum). WtilcU It IS imbeaded ; 

and, when about to 
change its state, it bores through the shelly and escapes, leaving 

K 2 
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Fio. 353.— 1, 2, ToMicus typooraphus ; 3, 4, 5, g, 
HvLUROUs piNiPKRDA (natural size aud magnified). 



a small round orifice. To this tribe belongs one of the most 

splendid of all Beetles, iheCurculio imperialisy well known as the 

Diamond-beetle, which is a native of South America, and very 

abundant in some parts of that country. There are small species 

belonging to our own island^ however, which are scarcely less 

brilliant when magnified under a good light. 

656. The second family of the Tetramerous Coleoptera has 

received the name of 

Xylophaoi (or toood- 

eaters)^ on account of 

the peculiar habits of 

the Beetles composing 

it. They usually live 

in wood, which their 

larvae pierce in every 

direction; and, when 

abundant in forests, 

especially those of pines 

and firs, they destroy large numbers of trees in a few years. 

They are destitute of the prolonged muzzle of the last order, and 

have short antennsB, thickened towards the tips (Fig. 353). One of 

the most destructive species is the Boitrkhns typooraphus^ or the 

Typographer beetle 
(so named from the 
figure of its burrows), 
which has at difierent 
times ravaged the 
forests of Germany. 
It devours, both in 
the larva and perfect 
states, the soft wood 
beneath the bark, 
which is most essen- 
tial to the vegetative 
processes; and thus 
causes the death of 
million and a half of pines 




Fro. 35 — Track of Typographer Beetle. 



the tree. It was reckoned that a 
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were killed by this species alone in the Hartz Forest, in the year 
17B3; and that as many as eighty thousand individuals were 
ordinarily engaged in the destruction of each tree ; whence the 
whole number at work in the forest at once must have been one 
hundred and twenty thotuand millions, 

657. Passing over the small family Platysoma, which closely 
resembles the preceding in structure and habits, we come to the 
family Lonoigobnes, distinguished by the great development of 
the antennas, which are always at least as long as the body, 
and often longer. The larvss mostly reside in the interior of 
trees, or under the bark ; and are destitute of feet, or have them 
very small. They are furnished with robust mandibles, and do 
much injury to trees, especially those of large size, by burrowing 
deeply into them. They are vegetable-feeders in their perfect 
state also, and do great injury to plants ; some attacking the 
leaves, and others the roots. Many of them produce a slight 
creaking sound, by the friction of the joint which unites the 




FlO. 365.— ^^lALUCHROMA MOBCHATA. 



thorax to the abdomen. Several of them are brilliantly coloured, 
especially the tropical species; and some are remarkable for ex- 
hiding an agreeable musky odour. This is the case with a British 
species, the CaUichroma motckatcty or Musk-beetle, which is about 
an inch long, entirely green> or shaded with a blue or golden hue, 




134 EDPODA. CYCLICA. 

and very common upon willows. The genus Acanthocinw is re- 
markable for the spiny projections 
from its antennae ; and the species 
represented in the accompanying 
figure, derives its specific name 
(which meansmirror-bearing) from 
its having a bright burnished disc 
on each of the elytra. 

658. The succeeding family 
EuPODA, is composed of Beetles, 
which are chiefly remarkable for Fio. 3S6.— acamtbocinus spBcuurBR. 
their habit of feeding upon the 

stems and leaves of aquatic plants, and upon those of the Lilia- 
ceous tribe. One species, the Criocerii Asparagi, which is of a 
blue colour, with the thorax red^ and the eljrtra 
yellowish-white, with blue markings, feeds in the 
larva state, on the young sprigs of asparagus ; and 
is sometimes so abundant, as to do considerable 
damage to the gardener. 
Fio 367— criocb- ^^^' The sixth family of the Tetramerous sec- 
Ris AspARAoi. tion, that of Cyclica, presents many points of 
interest, on account of the singular forms, and 
remarkable habits, of many of the species which it includes. The 
name of the family is derived from the circumstance that, in its 
typical forms, the body is of a circular or oval shape ; the insects 
composing it are usually of small size, but are often ornamented 
with metallic and brilliant colours ; they are generally slow in 
their motions, timid, and fiiU to the ground when an attempt is 
made to seize them, folding their antennsD and legs beneath the 
body ; many species leap well. The larvae have six feet, and a 
soft body ; they feed, like the perfect insect, upon the leaves of 
difierent vegetables, where they ordinarily affix themselves by 
means of a glutinous secretion ; and they frequently undergo their 
change into the piipa state in the same situation, the oast-skins 
of the larvae being crumpled up at the extremity of the body of 
the pupae. The first tribe of this family consists of the Cassi- 
darice, or Tortoise Beetles ; these have a flattened body, sur- 




CASSIDARLfi ;*-CHRY80MBLIir^. 
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FlO. 3S8.— CABSTDA VnUDIS, in its DIFVKRBlfT 8TATC8 ; 

a, lanra ; ft, the same on a leaf, with its covering of 
excrement ; e, pupa ; d, perfect insect. 



rounded by a margin, which is formed by a prolongation from 
the thorax and elytra, and which even conceals the head ; and 
they are able to lie so dose upon the surface of the leaves, that 
no part of the body or limbs is visible. Their colours are much 
varied, and often very prettily arranged in spots, points, rays, 
&c. The commonest species in this country is the Cassida viri- 
dity which is no more than l-16th of an inch long, of a green 
colour, with black thighs. Its larva, which lives on tUstles 

and artichokes, has a 
very flat body, with 
spines set on the edges; 
and it has the singu- 
lar habit of covering 
itself with its own ex- 
crement, which it at* 
taches in a mass toge- 
ther, and carries on a 
sort of fork, arising 
from its tail. The pupa, also, is very flat, with thin-toothed 
appendages at the sides of the body ; and its thorax is broad, and 
prolongedforwards in a rounded expansion, which covers the head. 
660. In the sub-family ChrysomelifUBy or Golden Beetles, this 
expansion of the thorax is generally wanting; the body is 
usually of a hemispheric or ovate form, the base of the thorax 
being as broad as the front edge of the elytra ; and the surface is 
usually bespangled with the most brilliant hues, in which blue, 
green, and gold, are pre-eminently conspicuous. Their motions 
are generally slow, and many of them are destitute of wings. Of 

the genus Chrysomela^ the 
C. popuU is one of the com- 
monest British species; it 
is of a blue-black colour, and 
has red elytra, tipped with 
black ; and it is found upon 
the willow and poplar, in 
the larva as well as in the 
perfect state. As in the 
preceding group, the exuviae of the larvae are found collected into 




Fio. 359.— Chbybomcla fopuli ; a. Larva ; 
hf Pupa ; <;, Imago. 
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a mass, at the extremity of the body of the pupa ; 'and, in some 
instances, the larva, before undergoing its transformation, attaches 
itself to the leaf by a glutinons exudation. Of the apterous 
group, the Timareha is the principal genus ; and the T, Usmgata 
is a common British species, varying in length from half to three 
quarters of an inch, and frequenting woods, turf, and low her- 
bage. It crawls slowly, and emits a reddish-yellow fluid from 
the joints when disturbed ; from which circumstance it is com- 
monly known by the name of the Bloody-nose Beetle. The larvas 
bear a strong resemblance to the perfect insect, both in appear- 
ance, sluggishness of movement, and general habits ; when dis- 
turbed, they roll themselves up in the manner of a Wood-louse. 
The sub-family Galerudnas^ may also be mentioned as contain- 
ing the genus Haliiea ; which is composed of a group of small 
brightly-coloured Beetles, whose larvsa devour the leaves of cul- 
tivated vegetables, and occasion- 
ally commit great devastations 
by their numbers and voracity. 
One of them occasionally attacks 
the turnip in this country; and 
from its great leaping powers, 
may well be designated the 
Fia.38o.-HALTicAKw.oROM. or TuR. TumijhJUa. The Turnip-fly 

Nip-BUTLBi natural dxeaodmagnifled. belougS tO quite a different gCOUp. 

* (§686.) 
661. Section lY.— Trimera. The Beetles of this section are, 
for the most part, of small mze, and not very numerous. Their 
habits are various, a portion feeding on Fungi, and the remainder 
chiefly upon Aphides. To the latter section belongs the genus 
docemeUoy of which several species are known in 
this country, under the name of Lady-birds, or 
Lady-cows. They sometimes appear in great pro- 
fusion, and have created much alarm. It is 





neous to suppose, however, that they do any injury F10.361-- 
to vegetation ; for, on the contrary, they are of great 7.pcNCTArA. 
benefit to plants, by feeding on the Aphides which 
infest them ; and this they do both in the larva and perfect states. 
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662. In many respects the Insects of this Order resemble 
the Coleoptera ; and they are closely connected with that group 
by the family FoRFicuLiDiE, or Earwig tribe, which partake of 
the characters of both. But they differ from the Beetles, in the 
softer covering of their bodies ; in the partially membranous 
character of the anterior pair of wings, which seem intermediate 
between the homy elytra of Beetles and the membranous wings 
of other insects, and which do not meet when closed along the 
central line of the back ; and in the fan-like manner in which 
the posterior wings are folded up beneath them, which is per- 
mitted by the straight direction of their veins. They differ also 
in their metamorphosis ; for, whilst that of the Beetles is com- 
plete, that of the Orthoptera, is only partially so, — ^the larva 




Pio. 362.— Larva and Pupa of orsat orbbn Grasshoppkr. 

and pupa closely resembling the perfect insect in form, walking 
and feeding in the same manner, and differing in little else, than 
the absence of the wings and wing-covers, which are gradually 
and visibly developed in the pupa. — This Order comprises 
numerous well-known insects, often of large size and splendid 
colours, such as Grasshoppers, Locusts, and Walking-Leaves ; — 
as well as Cockroaches and Earwigs. Some of the largest of 
known insectd belong to it ; a few species attaining a length of 
eight or nine inches, and an equal expansion of wings. Com- 
paratively few of this Order are inhabitants of temperate regions ; 
and it attains its greatest development, both as to the number 
of species and individuals, their size, and their colour, between 



138 FORFICULIDiB, OR EARWIG TRIBE. 

the tropics. All the known Orthoptera are terrestrial, both in 
their perfect and two previous states. Some are purely carni- 
vorous, and others are adapted to a mixed diet, — the Cock- 
roaches, for example, being capable of feeding on almost any 
kind of organised matter; but the greater number feed upon 
plants. Hence from their large size, and the enormous quantity 
which each individual can devour, they are among the most 
destructive of all the Insect tribes, when they appear in large 
numbers. This is particularly the case with the Locusts in 
warm countries ; the ravages of which not unfrequently cause 
famine and pestilence, both among men and beasts. Some 
details upon this subject will be given in the latter part of 
this volume. 

663. Before treating of the true Orthoptera, we shall first 
notice the family Forfigulid^ ; which has been raised by some 
into a distinct order, under the name Dermaptera, or leathery- 
winged (§ 637). The Earwigs and their allies, of which this 
group is composed, have the anterior wings formed into elytra, 
possessing a consistence intermediate between that of the homy 
elytra of Beetles, and the parchment-like anterior wings of the 
Orthoptera ; they are of small size ; and they meet, when folded 
together, upon the central line, as in Beetles. The posterior 
wings are folded across when at rest, as in the preceding Order, 
but the part thus doubled down is itself folded in a fan-like 
mode, as in the Orthoptera. These insects are further distin- 
guished by the two large appendages at the posterior part of 
the body, which form a pair of forceps (Fig. 306). They are 
very common in damp situations, where they assemble in troops 
under stones and the bark of trees ; they do much injury to 
the flowers and fruits of our gardens, and they wiU devour the 
bodies of their dead companions. Their forceps appears to serve 
as an instrument of defence; whether it answers any other 
purpose is not known. Their common name is derived from the 
incorrect notion, that they have a peculiar tendency to creep into 
the earn of sleeping persons. 

664. The proper Orthoptera may be divided into two prin- 
cipal sections ; in the first of which the legs are nearly of the 
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same length and adapted for walking or running, whence they 
are named Cursoria ; whilst in the second, the Saltatoria, the 
thighs of the hind-legs are of disproportionate length, and are 
adapted for leaping. These two groups also di£Fer in the 
arrangement of the wing-covers and wings, when closed ; for 
they usuaUy rest horizontally in the hody (and consequently 
more in the manner of those of the Beetles) in the first ; whilst 
in the second they meet at an angle, like the two sides of a roof. 
The second section is further distinguished hy the creaking 
sound, which the males have usually the power of emitting, hy 
the friction of their legs against the hody. 

665. The first section may he divided into three families, 
which differ considerably from each other in general form, — the 
BlattiDw£, or Cockroaches; the Mantid^, or Mantis tribe; 
and the PHASMiDiB, or Spectre insects. In the first of these, the 
legs are adapted for running ; in the second, the fore-legs are 
converted into claws for seizing the prey ; and in the third, the 
limbs are adapted only for walking or creeping. — The Blattidje 
are in many respects intermediate between the ForficulidsB and 
the more typical Orthoptera ; in fact, their general resemblance 




Fig. 363.— Blatta Oribntalis, Male and Female. 

to the Coleoptera occasions them to be commonly regarded as 
Beetles. These well-known insects are now pretty generally 
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diffused over temperate climates ; although roost of the species 
are believed to have been originally natives of tropical regions, 
where only they attain their full development. They are 
• nocturnal in their habits, and active in their movements along 
the ground ; their powers of flight are usually inconsiderable, 
the wings being usually small in proportion to the size of their 
bodies; and they are extremely voracious, devouring with 
avidity almost every kind of organised matter. In cold climates 
the wings are scarcely enough developed, even in the male, to 
raise the body from the ground; whilst in the female they 
are almost entirely absent. The species which is commonest 
in this country, the BlaUa orienUdis^ is so named from its bang 
supposed to have been originally a native of the East Indies; it 
has^ however, been so long domesticated with us, that its time 
and mode of introduction are uncertain. In common with most 
other species of Blatta, it ejects a dark-coloiured fluid from the 
mouth, emitting a very disagreeable odour, of which it is diffi- 
cult to get rid, and attaching itself to whatever the insect has 
crept over. The tropical species are larger and more voracious ; 
one of them, which attains the breadth of six inches when its 
wings are expanded, is known in the West Indies by the name 
of drummer^ from the sharp knocking sound which it produces, 
and which is sometimes kept up through a whole night by 
several individuals repljring to each other; and it is said to 
attack sleeping persons, and even to devour the extremities of 
the dead. — Notwithstanding the disgusting character which 
attaches to these insects, on account of their appearance and 
habits, they present several points of much interest to the 
Naturalist, especially in regard to their mode of depositing their 
eggs. Instead of being discharged separately, the eggs are col- 
lected together and deposited at once, enclosed in a large homy 
case or capsule (equalling half the abdomen of the female in 
size), and generally of a more or less oval and flattened form, 
like a small bean with one edge more flattened than the other 
(Fig. 363, a). Along this edge there is a slit, from end to end 
of the capsule ; and the plates which form the edges of this slit 
are jagged or toothed, fitting closely to each other. The interior 
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of ibis capsule is divided into two spaces, in each of which is a 
row of separate chambers, every one of them enclosing an egg. 
The capsules are attached by means of a glutinous secretion, in 
such situations as the females select as most fit for their reception ; 
and the slit part is strongly coated with cement, so as to be even 
stronger than the other parts. In this capsule, the young larv» 
are hatched ; and they immediately discharge a fluid, which 
softens the cement, and enables them to push open the slit ; 
through this they escape, and the slit then shuts again so closely, 
that it appears as entire as before. 

666. The MantiDw£ are purely carnivorous insects, of which 
none are natives of this country. They differ much from the 
BlattidaB in the form of the body; which, instead of being 
flattened and oval, is narrow or compressed, and lengthened. The 
first pair of legs is enormously elongated, and forms a very 
powerful organ of attack. • These insects frequent trees and 
plants ; and the forms and colours of their wings and bodies are 




Fig. 364.— Mantis, in the act of hetzino a Fly, with a 
Young Ons just hatchbo. 

often 80 adapted to those of the leaves and twigs which surround 
them, as to give them remarkable power of eluding observation. 
Most of the species asume, when lying in wait for their prey» 
an attitude which has been mistaken by the inhabitants of the 
countries where they are found, for that of prayer ; and the 
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Dames commonly given to the Insects are such as to express this. 
Thus the best-known species, which is very common in the south 
of France and Italy (Fig. 364), has received the name of 
Mantis reUgma^ the Praying Mantis, or ^othsayer ; and is 
termed by the French prie-Dim. This is regarded by the Torks 
as an object of superstitious veneration; and many absurd stories 
are on record, in regard to its habits. The peculiar attitude 
in question, however, is nothing else than the position m which 
the prey is most readily seized ; — the. front of the thorax being 
elevated, and the two fore-legs being held up together like a pair 
of arms, prepared to seize any animal that may fall within their 
reach. These insects are extremely voracious ; and, if kept 
together without food, they will fight until one is killed, the 
victor then devouring his conquered adversary. — ^The eggs are 
included in a capsule, as in the Blattidaa. 

667. The third family of the Cursoria, that of Phasmidjs, 
or Spectre Insects^ is also restricted to warm climates; and 
consists of a small number of extremely curious species, com- 
monly known under the names of WaMng-Sticksy Walking- 
Leaves^ &c., from their resemblance to those objects. Their 
whole structure indicates a sluggish mode of life ; they subsist 
solely upon vegetables, and crawl slowly among the branches 
of low shrubs, devouring the young shoots. In fact, their 
mode of life bears a strong analogy to that of the Sloths among 

Mammalia. Their 
means of escape 
from enemies con- 
sist entirely in their 
very close resem- 
blance to the ob- 
jects in the midst 
of which they live. 
Some of them are 
destitute of wings, 

FlO.365.-PHASMA(BACTBRIA)PlUGIU8,ORWlLlUW0-STrCK. ^^^ ^^^^ ^^^ *P" 

pearance of dead 
twigs ; the legs being generally extended in a straight line so as 
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to look like the lateral tvngs ; whilst the absence of motion in 
the Insect for a long period adds strength to the deception. 
Others/ which possess wings, have still the same general appear- 
ance ; these organs being laid flat along the back, so as not to 
extend beyond the body. In others, again, the wings have 
the form and aspect of withered leaves (Fig. 366) ; whilst the 
wing-covers are very short. And lastly, there are a few, in 
which: the wing-covers are of a brighter hue, and of larger size, 
covering in the wings, and giving to the whole animal the 
appearance of a fresher leaf. These cnrious insects are for the 
most part natives of the East Indies, the East Indian Archi- 
pelago, Australia, and South America. Their larvsd differ but 
little from the perfect insects, except in their colours and in the 
absence of wings; and there are several species, as we have 
seen, in which these are never developed. It not unfreqoently 
happens that they lose a limb by violence ; and this is repro- 




Fio. 366.— Phyllium Siccifolium. 



duced, provided the complete grovrth of the animal has not been 
attained. The eggs are laid separately, in the usual manner. 
668. The section Saltatoria^ consists of numerous species 
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allied to the well-known Crickets, Grasshoppers, Locusts, &c.; 
all of them being adapted, by the peculiar conformation of their 
hind-legs, to moYO by leaping rather than by running*. Besides 
this peculiarity, they all agree in depositing their eggs in the 
ground: and they generally effect this by means of a homy 
tubular prolongation of the last segment of the body, or omposi- 
tOTy such as we shall meet with in the order Hymenoptera. 
There are three distinct groups in this section ; — namely, the 
AcHBTiDiB or Crickets; the GBYLLiDiB or Grasshoppert; and the 
LoGusTiDiB or Locuits; but the differences between them are 
scarcely such, as to entitle them to rank as distinct famiUes. 
The Crickets are essentially inhabitants of the ground, in which 
many of them burrow, both in the larva and perfect states ; few 
of them have any powers of active flight. One of the most im- 
portant species of this family is the Gryllatalpa vulgaris, or 
Mole-Cricket (Fig. 300), which derives its name from the pecu- 
liar similarity in its anterior extremities, and from the resem- 
blance in its habits, to those of the Mole. It is about an inch 
and a half long, and of a brown colour. In making its burrows, 
it cuts through or detaches all the roots of plants which it en- 
counters ; but it does not do this so much for the purpose of 
feeding upon them, as to make a passage in search of insects and 
worms. The female forms, in June and July, at the depth of 
about six inches from the surface, a rounded cell, smooth within, 
and resembling with its gallery a bottle with a long bent neck ; 
in this she deposits from 200 to 400 eggs ; and the young remain 
in society for some time after they are hatched. The larv83 are 
at first white ; but in other respects they resemble their parents, 
except in their smaller size and their want of wings ; after their 
first moulting, they disperse, and soon gain their darker colours; 
and they are about three years before they arrive at the perfect 
state. Their wings are so little developed, that the possibility 
of the flight of the insects has been denied. It is remarkable 
that the various species of this singular genus should be spread 
over the whole globe. The Hotue- Cricket (Fig. 367) is too well 
known to require particular description; it takes up its abode 
in the neighbourhood of the fire-places of rooms on the ground- 
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floor, sometimes even burrowing into the mortar, even within a 
few inches of the fiercest fires ^ and here it remains during the 

winter months, be- 
coming torpid in 
its haunts, if the 
fire be discontinued. 
In the summer, 
however, it fire- 
quently goes forth 
„ ^ „ ^ to the gardens, and 

Fig. 367 — HousB-CwcicKr.- , ° , , ./ .. 

seeks a habitation 
in the crevices of garden -walls, &c., as if it then found heat enough 
out of doors. The Field- Cricket is much larger, and also rarer, 
than the preceding ; it frequents hot sandy districts, in which it 
forms its burrow at the side of footpaths, &c., in situations ex- 
posed to the sun, to the depth of firom six to twelve inches ; and 
sits at its mouth watching for its prey, which is said to consist 
of other insects. This is one of the most noisy of all the Crickets. 
669. The GryllidoB^ or Grasshoppers^ are distinguished from 
the preceding by the roof-like position of the wing-covers, which 
in the crickets fold ho- 
rizontally; but agree 
with them in having 
long thread-like an- 
tennas, and a talc-like 
spot at the base of the 
wing-covers in the 
males. They are dis- 
tinguished, on the other P'o* aea— gbyllus Viridismmus. 
hand, firom the Locusts with which they agree in the -first of 
these characters, by the inferior robustness of the body, and the 
length and slenderaess of the legs and antennsB. The Gryllus 
viridissimusy or Great Green Grasshopper, represented in 
Fig. 368, is the largest British species of this Order, and one of 
the largest of our native insects; its length being about two 
inches, and its breadth when the wings are expanded being three 
inches and a half. Many species of this genus are destitute of 
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wings, or have only small wing-covers. Of their voracity a 
curious instance is mentioned by Mr. Westwood; who states 
that on one occasion he phiced a specimen of the large green 
species in a box, together with one of its legs which it had 
accidentally jerked off ; and on opening the box the next morn- 
ing, half the leg was devoured. Amongst the foreign species of 
this group, there are some which bear a most singular resem- 
blance to the fresh leaves of various plants. 

670. The last group of this Order consists of the various 
tribes of migratory LocustSy together vnth several which are 
ordinarily ranked as 
Chrasshoppers, but which 
agree with the Locusts 
in the shortness of their 
antenn89, and the robust- 
ness of their bodies and 
limbs (Fig. 369). These 
leap with much greater 
energy than the preced- 
ing, and have a much 
longer-sustained flight. 
The powers of devasta- 
tion possessed by the 
Locusts are almost in- 
conceivable ; for they are 
produced in vast num- 
bers, and live in societies, 
so as speedily to destroy the vegetation of the spot on which 
they have settled. Thence they take their flight in vast multi- 
tudes to adjoining districts ; and so great is the number of which 
these swarms consist, that it is not speaking figuratively to say 
that the sky is darkened by their passage. Their ravages 
usually continue until they are checked for want of a further 
supply of food ; for as the instinct of the Locusts leads them to 
continue their flight in the same direction, they are at last 
stopped either by the desert or the sea ; and sometimes a stonn, 
carrying them out of their course, or hurr3dng them on in it. 




Fro. 369l— Pneuucaa. 
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effects a clearance much more speedily than any other cause could 
do. Of the cause of the occasional appearance of the Locusts, in 
such vast multitudes^ no satisfactory explanation has heen given. 
Of these Insects there are several different species, which are 
distributed over the tropical and the warmer temperate regions of 
the globe ; and in many parts they are used as food by the 
inhabitants of the countries they infest. 



Order III.— NEUROPTERA^ 

671. The Neuroptera correspond with the two preceding 
Orders, in having a mouth adapted for mastication, but differ from 
them as to the conformation of the wings ; the anterior as well 
as the posterior pairs being here membranous and transparent. 
In both pairs of wings, the veins form a very beautiful and 
minute network, subdividing and uniting again, so as to divide 
the whole surface into a large number of minute cells, which 
much exceed in number those of the wings of any other tribe of 
insects (Fig. 370). Although the posterior wings are usually 
as large as the anterior, or sometimes even larger, they are occa- 
sionally much smaller, and may even be altogether wanting. 

675. The body of the Insects of this Order, which contains 
the well-known Dragon-flieB^ May-flies^ Ant-liona, White Ants 
or Termites^ and others, is generally prolonged, and destitute of 
any very hard integument. These insects are of intermediate 
size ; none of them exceeding in dimensions the largest Dragon- 
flies of this country ; whilst none exhibit the minuteness of some 
Hymenoptera and Coleoptera. They differ in the character of 
their metamorphosis, as well as in their adult structure ; for in 
some the metamorphosis is complete, the larva undergoing a 
marked change of form; and in others there is not much difference, 
except in the absence of wings, between the larva and perfect 
insect. By these differences the Order may be divided into two 
sections ; in the first of which the insect is active during the 
whole of its pupa state ; whilst in the second, it is quiescent, 
except just before its last metamorphosis. The first of these 

l2 
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groups may again be subdivided into three families ; — ^the 
LiBELLULiDiB or Drogon-fliet ; — the Ephbmeridje, or May-ftiei ; 
and the TERMiriDiB or White Ants, In the first two of these, 
the larvsB and pup89 are inhabitants of the water, and respire by 
means of peculiar organs placed along the sides or at the extremity 
of the abdomen ; whilst in other respects, they nearly resemble 
the perfect insect. They creep out of the water to undergo the 
final metamorphosis. 

673. Section I. The Libellulid^, or Bragon-flies^ are well- 
known insects ; being easily distinguished by the slender form 
of their bodies, their varied colours, their large gauze-like wings, 
and the rapidity of flight with which they pursue other insects 
on which they prey. They have a large head, of rounded form, 
furnished at its sides with two very large compound eyes, and 




Fro. 370.— LiBKLLTjLA Cancbllata. 

with three ocelli, situated upon its upper surface. Most of this 
tribe frequent the neighbourhood of water; and may be fre- 
quently seen skimming over the surface of ponds or streams, in 
search of flies, gnats, and other small insects. An American species 
has been recently described by Mr. Newport, which seems to be 
actually provided with branchial or gill-like appendages, even in 
its perfect state ; and the habits of this insect appear to be pecu- 
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liarly aquatic. The eggs are deposited upon aquatic plants, and 
the larvsB are thus produced in the element in which they are at 
first to reside. The head of the pupa is remarkahle for the 




Fio. 371.— A, the pupa with its mask. B, the same with the mask closed, and 
disoharging a current of water. 

singular form of the portion which takes the place of the lower 
lip; this is a kind of mask, composed of several pieces, and cover- 
ing the mandihles, maxillsB, and nearly all the under side of the 
head, when it is closed together ; but being capable of extension 
and unfolding, and being furnished with a pair of sharp claws at 
its upper part, so as to become the instrument by which the 
animal seizes its prey. The posterior end of the abdomen, in the 
early state of the Dragon-flies, is usually the seat of the respi- 
ratory function. This is commonly performed by means of three 
leaf-like membranous organs, which are situated inside the extre- 
mity of the intestine, or sometimes within a sort of prolonged 
pyramidal tail ; in using these, the animal draws a supply of 
water into the rectum ; and then forces it out violently, by which 
act it also impels itself through the water. The succession of 
jerks thus produced, is the chief means of locomotion of the 
larv89 of the Dragon-flies, and serves to distinguish them from all 
other aquatic larvss ; so that they are very easily recognised. Several 
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species of Dragon-flies exist in this country ; the largest, which 

is probably not surpassed in 
siase by any others, measures 
two inches and a half in 
length; but the foreign 
species are usually more 
brilliantly coloured. — In the 
AgrionSy the wings stand 
perpendicularly when in 

Fio. 372.— AoBiON Virgo. . . , - , . 

repose, instead of horizon- 
tally as in the Dragon-flies ; and the mouth is somewhat dif- 
ferently constructed. The species represented in the accompany- 
ing figure is of a golden-green, or bluish-green colour, with the 
wings blue ; and in common with many other less conspicuous 
species, it is an inhabitant of Britain. 

674. The Ephemerid^, or Day-Jliesy receive their name 
from the short duration of their lives in the perfect state. The 
history of their early condition has been already given (§ 632). 





Fig. 373.— Ephkmsra. 

Their last change takes place near sunset on the fine days of 
sunmier and autumn ; and they are sometimes produced in such 
vast numbers at one time, that the ground is covered with them 
after their death, and their bodies are .carted away as manure. 
They take no food after their final change ; and as the propagar 
tion of the race is then their only object, they die almost as soon 
as it has been performed, often in a few hours after they have 
quitted the water, — ^the duration of their lives in their previous 
conditions having been two or even three years. 

675. The TBRMiTiDiBy or White AnU^ are terrestrial, active, 
and carnivorous or omnivorous, during all their stages. In 
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several points of their structure, they resemhle the Orthoptera ; 
whilst in their hahit of living in societies, they resemhle a large 
proportion of the Hymenoptera. There is, however, as we shall 
hereafter see, a considerahle difference in the duties of the several 
trihes of which these communities consist. A more particular 
account of their operations will he given in a later part of this 
volume ; and at present it will he sufficient to say, that the larvae 
resemhle the perfect insect, except in the ahsence of wings, and are 
the foorkers. Among the adult insects there are 
some, which never acquire wings, and in which 
the reproductive organs are not developed; these, 
which are termed the soldierg (Fig. 374), have 
the head much larger and longer than that of 
the larv83, and the mandihles are very long and 
cross each other ; they are far less numerous 
than the larvsB, and live near the outer surface 
of the nest^ so that they are the first to make their appearance 
when it is attacked ; and they are also stated to compel the 
workers to lahour. The winged males (Fig. 375) and females, 




Fio. 374.— Soldier 
Tkrmks. 





Fig. 375.— Tbrmks 
in perfect state. 



Fio. 376— Qukbn in the winged state, and filled 
with Eggs. 



when they have arrived at their perfect state, quit their habita- 
tion, and fly abroad during the evening or the night, in great 
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Fio. 377.— Psocus 

PVLSATOIUUB. 



numbers ; they lose their wings before the morning, howeyer ; 
and the greater part of them, falling to the gronnd, become the 
prey of birds, reptiles, &c. The females, however, are sought 
by the workers, who imprison them in royal chambers, as they 
haye been termed, in the centre of the nest. The abdomen 
subsequently attains an enormous size, from the quantity of eggs 
it contains ; and these, when laid, are carefully 
tended by the workers, and defended by the 
soldiers. — Some small species belonging to this 
family, but not at all resembling the true 
Termites in habits, are found in our country; 
one of them, which is found in collections of 
dried plants, is remarkable for producing a slight 
ticking noise; it is represented of its natural 
size, and magnified, in the accompanpng figure. 

676. Section II. Of the division of Neuroptera in which a 
more complete metamorphosis occurs, the pupa passing into an 
inactive condition, the family of Myrmeleonid^, or Ant-lions^ 

is one of the most re- 
markable. As its pecu- 
liar habits in the lar?a 
state have already been 
elsewhere described 

(ANIM.PHY8IOL.§e97), 

they need not be here 
dwelt on. When the 
larva has attained itsf all 
growth, and is ready to 
assume the pupa state^ 
it spins a perfectly round cocoon of a silky matter, the exterior 
of which it covers with sand ; and from this the perfect insect 
makes its escape at the end of fifteen or twenty days. None of 
this group are found in Britain. 

677. The family HEMEROBiiDiG, which is closely allied to 
the preceding, is remarkable for the exceeding brilliancy of the 
eyes in most of the species, and for the delicate structure and 
varied colours of the wings. The eyes often resemble the most 




Fio. 378.— Myrmblbo. 
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highly-polished gold ; and the wings frequently reflect the 
prismatic colours ; so that, although of small size, these insects 
are very conspicuous. They are for the most part inhabitants 
of temperate climates ; and many species abound in Britain. 
They usually fly during the twilight, remaining inactiye during 
the day ; and they emit a yery disagreeable odour when handled. 
The females deposit their eggs upon plants, attaching them at 
the extremity of a long slender footstalk^ the base of which is 
fastened to the leaf ; this footstalk is composed of a white viscid 
matter, discharged by the female at the time of laying her egg, 
and speedily hardening by exposure to the air. The eggs, thus 
curiously fixed in small clusters, have the appearance of minute 
fungi. The larvae are extremely voracious, and especially attack 
the Aphides ; unlike the Ant-lions, however, these Aphis-Uons 
(as they have been termed) do not remain concealed in one spot, 
but wander in search of their prey where it is to be found in 
the greatest abundance. So ravenous are they, that they do 
not require more than half a minute to suck the juices from one 
of the largest Aphides ; and they not imfrequently attack each 
other, the conqueror in like manner sucking the body of the 
vanquished. During the summer they arrive at their full growth 
in about fifteen days ; they then spin a silken cocoon, in which 
they enter as inactive pupas during the winter ; and come forth 
in the succeeding summer. 

678. The remaining families of this Order may be very 
briefly noticed. The Sialidjb are a small group of moderate or 
large-sized Neuroptera, having very large anterior wings. They 
are nevertheless slow and inactive in their habits, and frequent 
the neighbourhood of water, in which they pass their larva 
state. The ordinary species Sudii Ivtaria^ or May-fly, is a 
well-known bait with the angler, being produced during the 
spring months in large quantities ; it is of a dull brown colour, 
and may be found on the walls or palings near the water. The 
larva is furnished with appendages for aquatic respiration, 
strongly resembling those of the Ephemera ; but when arrived 
at its full growth, it quits the water and burrows into the 
adjoining bank, in which it excavates a sort of cell. Here it 
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is tmngfonned into a papa, which remains inaotive, with its 
limhs kid along the breast, but which is livel j when disturbed ; 
and here, too, it undergoes its final change. 

679. The PANORPiDiB are known under the name of Seor- 
pian-fliet, on account of the remarkable conformation of the 

posterior extremity of the abdomen in 
the male. The sixth and seventh seg- 
ments are very slender and somewhat 
curved upwards, so as to constitute a 
sort of tail ; whilst the eighth is greatly 
thickened, forming an ovid mass, armed 
with a pair of forceps, and capable of 
Fig. 379^pakoiipa com- fr®® motiou in any direction. The species 
MUNu. represented in Fig. 379 is a very common 

British insect, frequenting hedges and 
woods. The Scorpion-flies are very active, and prey upon 
other insects in the perfect state. The abdomen of the female is 
also prolonged into an oviposUar ; by which she can deposit her 
eggs in deep holes or crevices. 

680. The Raphidiid^ are commonly known as Snake-Jlies^ 
from the elongated form of the head and neck, and the facility 
with which they move the front of the body in di£Perent direct 
tions. They are of comparatively small size, agile in their 
movements, and possessing powerful jaws; they are chiefly 
found in the neighbourhood of woods and streams ; and they 
prey upon other insects inhabiting the same situations. FinaUy, 
the Mantispid^ seem to connect this order with the preceding ; 
having the mouth formed upon the plan of that of the Neurop- 
tera ; but having the fore-legs converted into prehensile daws, 
and the first segment of the thorax lengthened so as to elevate 
them, almost exactly as in the Mantis. 

681. We shall next mention the small intermediate group of 
PHRYGANEiDiE, or CoMioe^flies^ which are by some Entomolo- 
gists regarded as constituting an aberrant family of the Neu- 
roptera, whilst others raise them into the rank of a distinct 
Order, Trichoptera, — a name derived from the hairy covering 
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with which their wings, as well as their bodies, are beset. In 
this character, as also in the arrangement of the nerves of the 
wings, they bear a strong resemblance to the Lepidoptera. 

682. These Insects are chiefly remarkable on account of the 
habits of the lary», which are well known under the name of Cad- 
diee-womu. These reside in cylindrical cases, open at each end, 
to which they attach various matters, as bits of stick, weed% 
pebbles, or even small living shells, by the assistance of stlkrai 
threads, which they spin from the mouth. These cases they bear 

about with them ; protruding 
the three first segments, with 
their legs, when they creep 
forwards; and withdrawing 
these upon the slightest alarm. 
They are never known to 
quit these cases of their own 
accord. Different species ap- 
pear to prefer diflerent mate- 
rials for the construction of 
their cases; but they have 
the power of emplo3ring almost 
any which fall in their way, 
when there is a deficiency of those usually preferred. The 
food of some of the larvae is vegetable ; but others prey upon 
small aquatic larvffi, such as those of the Neuroptera. — TVlien 
about to assume the pupa state, the larvsd fix their cases to some 
solid substances beneath the water, and close the two extremities 
with a kind of grating, that admits of the passage of water 
through the tube, which is necessary for respiration. A short 
time before they are to assume their perfect form, they make 
their way out, by means of the pair of hooked jaws, with which 
they are then furnished, and swim about with great activity by 
means of the two hind legs, crawling occasionally upon the four 
first. In order to throw off their pupa-case, the larger species 
crawl up plants out of the water ; but the smaller ones merely 
come to the surface, and there undergo their transformation, — 
using their old envelope as a boat, out of which they rise to 




Fio. 380. — Phrvoanka orandis.— a. Larva in 
its case ; b, grating ; c. Imago. 
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expand their wings, much in the same manner as Gnats. The 
perfect Caddice-flies run with great agility, but their flight is 
awkward, — except in some of the smaller species, which assemble 
in troops and fly over the surface of the water towards sunset 
They are nocturnal in their habits, and not unfrequently enter our 
houses, being attracted by the light. They emit a disagreeable 
smell when touched. These insects are very numerous in Bri- 
tain ; no fewer than 190 species having been described. 



Order IV.— HYMENOPTERA. 

683. In the membranous character of their four wings, the 
insects of this Order resemble the Neuroptera ; but they cannot 
well be mistaken for them. The anterior wings are usually 
much larger than the posterior; and the veins or nerves* are 
much fewer in number than in the Neuroptera, and do not form a 
close network by their ramifications, as in that Order. In some 
of the minute species, the wings are almost, or even entirely, 
destitute of nerves. Another character furnished by the wings 
consists in the connection of the anterior and posterior wings on 
each side, during flight, by means of a series of minute hooks 
along the front edge of the latter, which catch the hinder mar- 
gin of the other, so as to produce one continued surface on each 
side. — ^The principal character of the Order, however, is derived 
from the structure of the mouth ; for, although considered as 
mandibtdate insects, the Hymenoptera are much better fitted for 
imbibing theb nourishment by suction, than for obtaining it by 
mastication (§ 614). The Hymenoptera are also peculiarly 
distinguished by a prolongation of the last segment of the body 
in the females, into an organ, — which is, in one division of the 
Order, a sHn^y — and in the other, an ovipositor^ or instrument for 
the deposition of the eggs, usually possessing the power of boring 
a hollow for their reception. 

* These terms are used to mean the same things ; namely, the hard frame* 
work on which the membmne of the wiug is extended. They must not be under- 
stood as indicating any analogy to the veins and nerves of higher animals. 
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684. The Hymenopiera are farther remarkable for the great 
development of their instinctive faculties^ and of their locomotive 
powers. It is in this order that we find the most remarkable 
examples of contrivance, and of skilful adaptation of means to 
ends ; bnt this adaptation results, it would appear, not from an 
exercise of intelligence on the part of the animals themselves (as 
in Man and the higher Yertebrata), but from their blindly fol- 
lowing out a path laid down for them by the Almighty Designer 
( Anim. Physiol. § 475). That the two classes of faculties just 
mentioned should attain their highest development in the same 
group (the Neuroptera may, perhaps, be included in this state- 
ment), is a very remarkable and interesting fact. Considering 
these powers as those which are peculiarly characteristic of the 
animal kingdom, we may regard these groups of Insects as the 
types or centres (§35) of that kingdom. As we descend the 
scale, we find these powers gradually disappearing, whilst the 
organs of vegetative life (which, as we have seen, are of compa- 
ratively small size in Insects) gain the predominance, so that in 
the Zoophytes we have an evident approach to the Vegetable 
kingdom. On the other hand, as we ascend the Yertebrated 
series, we find the Instincts gradually superseded by Intelligence, 
which in Man becomes the sole director (at least in the well- 
governed mind) of the actions, keeping the instincts in subordi- 
nation ; and through his immortal soul we are connected with 
that kingdom of pure Intelligence^ in which we have reason to 
believe that Mind exists unfettered by the imperfections of its 
corporeal instruments, and of which we are encouraged to hope 
that we shall ourselves be sharers, when ^' this corruptible shall 
have put on incorruption." — The mutual adjustment of the 
various instinctive actions of a large number of individuals, so 
that they all work together towards a common end, like the 
parts of a machine, is nowhere so remarkable as in the social 
Insects, which are principally restricted to this order ; and the 
Bees, Wasps, Ants, Ichneumons, Saw-flies, Gall-flies, and many 
other groups contained in it, have consequently attracted the 
attention of the observer of nature from a very early period. 

685. The Insects of this Order undergo a complete meta- 
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morphosis ; the larm being more imperfect than those of almost 
any other tribe ; and the pnp89 being quite inactive. In the 
greater proportion of the order they are destitute of feet, and 
resemble little worms. Their support is provided for, either by 
the deposition of the eggs in situations where the future grub 
will be furnished with an ample supply of food — ^the parent 
being directed to these by an unerring instinct, — or by the active 
exertions of the parents, which convey to the young the food 
which they have themselves collected ; or by similar exertions 
on the part of a race destitute of peculiar sex (hence termed 
neuters)^ on whom this charge more especially devolves. When 
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Fio. 381.— Larva of Bxb, natural 
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Fio. 382.— Pupa op Brk. 



arrived at their full growth, and affcer undergoing several pre- 
vious changes of skin, the larvsd are transformed into inactive 
pup89 ; in which all the limbs of the future insect are visible, 
encased in distinct sheaths, and folded on the under surfoce of 
the thorax. During this part of their existence they take no 
food. In their perfect state, these insects, for the most part, 
take but little nourishment ; and this consists almost exclusively 
of the nectar of flowers. Many of them, however, — such as the 
Wasps,— attack and destroy other insects ; but these are often 
destined, not for their own support, but for the nourishment of 
the young.>^This Order is of considerable extent, being inferior 
only to the Goleoptera ; and it has been estimated to contain 
one-fourth part of the whole Insect population. It attains its 
greatest development in warm climates ; for, of the numerous 
species inhabiting this country, the greater part are of very small 
size, and some are almost of even microscopic minuteness. None 
of the species attain any great dimensions ; very few of them 
exceeding, or even attaining, two inches in length, or three in 
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the expansion of their wings. The duration of their lives, from 
the hatching of the egg to the final change, is believed never to 
exceed a year. 

686. This Order may be primarily divided into two groups, 
according to the nature of the organ in which the body of the 
female terminates ; — the end of the abdomen being prolonged, in 
the Terebrantia, into a saw or borer for the deposition of the 
eggs ; — whilst, in the Aculeata, it is formed into a sting or 
piercer connected with a poison-reservoir. In the former group, 
the number of joints in the antennae is extremely variable ; 
whilst in the latter, it is always twelve in the female, and thirteen 
in the male. The Terebrantia may be again divided into the 
Phytiphaga, of which the larvas feed upon vegetable matter ; 
and the EntomopHaga, in which they generally feed parasiti- 
cally upon living insects. The Aculeata are in like manner 
divided into the Pilsdones, or predaceous tribes, which do not 
collect pollen, and in which the larvffi feed upon other insects 
st<Mred up for them, or upon fluids stored up by the neuters ; 
and the Msllifera, in which the larvsd feed upon honey or 
poUen-paste, collected and stewed up for them. All these have 
charactmstic distinctions in their adult form ; on which it would 
not be accordant with the character of this work to dwell 
minutely. The division of the Order into sections may be better 
understood from the following tabular arrangement of them : — 



Possesamg ovi^posUor — Terebrantia 
Armed fvith sfivM^r— Aculeata 



* Larvce vegetahU- 

feeders I. Phytiphaga. 

, Laroce pcmuitk II. Entomopbaoa. 
' Pred<i(xove'mJidbUs,lll. Prsdones. 
Hcmey-cdflectors IV. Mellifera. 



687. Section I. Terebrantia Phytiphaga. The principal 
family of this section is that of TsNTHREDiNiDiB, or Satiyfliesy so 
named from the saw-like character and action of the ovipositor. 
With this instrument they make a succession of small holes in the 
branches or other parts of trees, into each of which they insert an 
egg, closing the hole with a drop of frothy fluid. The tissue in 
the neighbourhood of the wound swells up from its irritation; and 
sometimes becomes a kind of ffoUy either woody or pulpy, accord'- 
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Fio. 383.— A, extremity of the abdomen of the Sawfly, 
showing the two saws, e, and their supporters, d» ex- 
tended ; a, the terminal Joint of the abdomen ; and 
b, the two internal homy sheaths. B, a small por- 
tion of one of the saws very highly magnified. 



ing to the parts iDJored, which forms tha abode of the larva in 
some cases, daring its whole life as such, and up to its final 

metamorphosis; but in 
general the larvsd come 
forth at an earlier 
period, and feed upon 
the exterior of the 
leaves. They greatly 
resemble the Cater- 
pillars of Lepidopter- 
ous insects; but usually 
differ from them as to 
the number of their 
feet, which are either 
restricted to six, an- 
swering to those of 
the perfect insect, or 
amount to eighteen or twenty-two. In order to undergo their 
change into the pupa state, they spin a cocoon, either on the 
earth or on the plants on which they have fed ; but they do not 
become pupae, until they have been inclosed in this for many 
months, and only a few days before they come forth as perfect 
Saw-flies. To this group belongs the Athalia eentifoluBf or 
Tumip-^y^ which occasionally appears in this country in such 
vast numbers as to produce the greatest devastation. The larva 
is twenty-two-footed, and of a greenish-black colour ; whence it 
is commonly known by the appellation of the nigger^ or Uack 
caterpillar of the Turnip, — to which plant it is chiefly detrimen- 
tal, by devouring the leaves, and thus totally destroying the 
crop in an incredibly short space of time. It was especially 
abundant in the south-eastern counties of England, in the years 
1835, 1836, and 183?. The appearance of the black larvs is 
preceded by that of the imago, a pretty yellow and black 
insect, which is first seen hovering over the turnip-fields about 
the middle of May or the beginning of June ; it deposits its eggs 
in the soft tissue of the leaf, punctiuring the cuticle by its ovipo- 
sitor ; and these are hatched in five or six days. In a few days 



TENTHREDINID^, OR SAW-FLIES. — SIRICIDJS. 161 

more, a whole field has heen often devastated by the voracity of 
the larvse, which devour the soft tissue of the leaves, leaving only 
their skeletons and stalks. The most effectual remedy for these 
attacks was found to be the introduction of Ducks into the fields, 
by which the plants were cleared of the larvas more effectually 
than they could be by any other means. Many other species 
exist, however, almost equally injurious to different tribes of 
plants. Thus the Gooseberry is subject to the attacks of a 
Tenthredo, of which the larvas — often amounting to as many as 
one thousand upon a single tree — devour its leaves at the begin- 
ning of summer. The Apple, again, suffers from the deposition 
of the eggs of another species in its fruit. And the Willow is 
subject to the attacks of many species, some of which devour its 
leaves, whilst others cause the production of galls by perforating 
its branches. The perfect Insects of this group are of moderate 
size, not exceeding an inch in length ; some of them, however, 
are among the largest Hymenoptera inhabiting this country. 
Their flight is usually heavy, and is attended in the larger 
specieis with a humming noise ; it seems, however, to be more 
agile in the hot sunshine. They come forth for the most part in 
the spring, having passed the winter in the pupa state ; and they 
usually obtain their chief supply of food from the pollen or honey 
of flowers, especially those of the Umbelliferous tribe ; some of 
them, however, attack and devour living insects which frequent 
the same plants. The ravages of these insects are restrained 
by the destruction of vast multitudes of their larvae, through the 
agency of the Entomophagous, or parasitic section of this group ; 
thus the Laphyrus pini^ a Saw-fly which infests the Pine, is 
itself subject to the attacks of at least twenty parasites, of which 
fifteen are IchneumonidaB. 

. 688. The SiRiciDis bear a strong general resemblance to the 
preceding group, both in structure and habits ; but they have a 
stronger ovipositor, which enables them to pierce not merely thcj 
soft substance of trees or young shoots, but hard timber. 
The larvae produced from the eggs thus deposited, usually reside 
in the interior of trees^ which they perforate in various directions; 
often causing great destruction of the Pine forests, of which the 
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FlO. 384.— SiRKX GlOAMTSUS. 



largest species are inhabitants. When fall grown, they form 
a slender silken cocoon, mixed with chips of wood, at the 

extremity of the 
burrow; and here 
they nndergo their 
final transformation. 
The perfect Insects 
areamongthelargest 
of the order; they 
are remarkable for 
the very cylindrical 
form of their bodies, 
and for the hum- 
ming sound which 
they make when on 
the wing. 

689. Section II. — ^In the section of Aculeata Entomo- 
PHAGA, the first family, that of GrNiPiDiB, or GaU-fliei^ rather 
corresponds with the preceding in its general habits, and in the 
diet of the larTffi. These insects puncture, with their ovipositor, 
the surface of the leaves, buds, stalks, and young stems and roots, 
of various plants and trees ; and they increase the aperture by 
means of the toothed edge, forming a kind of saw, with which 
the extremity of this organ is armed. In this aperture they 
deposit, besides the egg, a drop of fluid, which seems to be 
peculiarly irritating in its character ; causing the production of 
tumours or gaUs^ of various sizes, shapes, and colours ; the solid 
interior of which becomes the food of the larva when hatched. 
It is a remarkable circumstance, that the very same tree should 
produce, on its different parts, galls of very different forms and 
of various degrees of consistency, {L;cording to the species of 
Cjmips by which it has been punctured. Tlie hardest is the 
common Gall-nut, which is employed in the manu&cture of ink, 
and also, to a far greater extent, in the process of dyeing black 
(Veget. Physiol. § 399). This is produced in the Levant, 
upon a low-growing species of Oak, the Qtuercus in/ectoria. It 
has been recently ascertamed, that the " apples of Sodom,'* — 
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which are found on the herders of the Dead Sea, and which 
have been said ^Ho appear outwardly tempting to the eye, but to 
turn to ashes on the lips," — are nothing else than galls of a softer 
consistence, produced from the same Oak by the attacks of 
another species of Cynips. The " oak-apples," again, of our 
own country, are large galls found upon the young shoots ; the 
leaves sometimes produce, besides the larger galls, a multitude 
of little spangled discs, of a reddish colour, which contain the 
larvsd of a small species of Cynips ; the parts of fructification are 
sometimes attacked by a species, the galls of which hang on the 
catkins like a bunch of currants ; and the root produces a large 
woody gall, inhabited by a species of Cynips, of which 1100 
individuals have been found in a single galL The Oak is by no 
means the only species of vegetable infected by these insects ; 
but a larg^ number of Gall-flies appear to be restricted to it 
than to any other plant. The Rose is subject to the attacks of 
one species, which causes the flower- bud to be developed into a 
gall in a very curious manner. — ^An insect, considered as belong- 
ing to this family, deposits its eggs in the seeds of the most 
forward wild figs of the Levant. The modem Greeks, following 
a custom handed down to them by their forefathers, fasten seve- 
ral of these fruits among the later figs ; and the insects escaping 
from them, covered with pollen, make their way into the unfer- 
tilised fruit, and thus contribute to its maturity (Botany, § 673). 
This operation is termed caprification, 

690. The family of Ichneumonid^ may be regarded as 
peculiarly characteristic of the Entomophagous section. The 
female Idineumon deposits her eggs, by means of her sharp- 
pointed ovipositor, only in the bodies of other insects,— chiefly 
the caterpillars of Lepidoptera, or the larvsB of the Phytiphagous 
section of Hymenoptera. Some of them have a very long ovipo- 
sitor, which is used to insert the eggs into the bodies of Cater- 
pillars that live beneath the bark, or in the crevices of wood ; 
whilst those in which this instrument is short, place their eggs 
in or upon the bodies of caterpillars, to which they can obtain 
easier access^ They do not confine themselves to these situa- 
tions, however ; but employ for the same purpose the eggs or 

m2 
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pupae, still preferring the larvse when they can meet with them. 
The yonng Ichneamons, when hatched as footless gmbs, — some- 
times in considerable numbers in the body of one caterpillar, — 
devour only the &tty parts, which are not absolutely essential 
to life ; and the animal they infest may continue to exist for 
some time, thus affording them a continued supply of nutriment ; 
but when the Ichneumons are ready to undergo their last meta- 
morphosis, they either pierce the skin and escape, or else they 
kill their victim, and perform their changes within its body. 
The perfect Ichneumons feed solely upon the juices of flowers, 
and fly about with considerable agility in search of theur nutri- 
ment, or of proper situations for the deposition of their eggs. 
It 19 in the genus Pimpla^ that the ovipositor attains its greatest 

development, its 
length being in 
some exotic spe- 
cies as much as 
three or four 
inches ; when 
not in use, it is 
inclosed in two 
long channelled 
filaments, which 
unite to receive 
it like a dieath. 
This fiimily is 
extremely nu- 
merous. Proba- 
bly more than 
3000 species exist in Europe alone ; and the number peculiar to 
other parts of the globe may fairly be leckoned as at least equal. 
Scarcely any tribe of Insects is free from their attacks ; although, 
as aLready stated, the Lepidoptera are the chief sufferers. In 
restraining the multiplication of many Insects, which commit 
great injury against the Agriculturist, the Ichneumonidsd render 
essential service to Man; and there is no mode in which they 
can be said to do him any counteracting injury. 
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691. The family Chalcididjs, or CAo^ tribe, is composed of 
a great number of parasitic insects, distinguished by their 
generally very minute size, (their length seldom ezceediDg a 
line or two,) their brilliant metallic or variegated colours, and 
their nearly veinless wings. Like the Ichneumonidee, they are 
all parasitic upon other insects in their early states ; the majority 
infesting the larvas and pupsB ; but some^ from their minute 
size, being reared within the eggs of other insects. They are 
especially destructive to Lepidoptera ; but they will also attack 
the species of most of the other Orders. Not unfrequently they 
deposit their eggs in various kinds of galls, formed by the agency 
of the preceding families; and their progeny, when hatched, 
attack and subsist on the larvae inclosed within : and there are 
some species, whose larvad are parasitic upon those of other para- 
sitic insects. — Lastly, the Chrtsididje, or Ruby-tailed Flies, 
constitute a small group, distinguished by having the abdomen 
attached to the thorax by a short peduncle or foot-stalk, and 
composed of only from three to five segments, — ^the remainder 
being formed into a tubular apparatus, capable of being drawn 
together or extended like a telescope, and having a minute stiug 
or ovipositor at its extremity. These insects, although but of 
small or moderate size, are amongst the most splendid of our 
native species; being adorned with brilliant metallic tints, — 
usually blue and green on the head and thorax, and a fiery 
copper-colour or ruby on the abdomen ; hence they have been 
termed the humming-birds amongst insects. They may be 
observed during the hottest sunshine, flying and running with 
great vivacity over walls, palings, sand-banks, and occasionally 
upon flowers (especially those of the UmbelliferaB) and leaves. 
Their economy has not been fully made out ; but there is reason 
to believe that the females do not insert their eggs in the 
bodies of other insects, but take an opportunity of depositing 
them in the nests of the different Wild-Bees and other Hymen- 
optera, during the period when the latter are provisioniog their 
nests for the support of their own progeny; which is thus 
starved by the intruder, whose voracity is such as to require 
the whole supply of food that had been prepared for the legiti- 
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mate occupiers of the nest. In this habit, these insects closely 
resemble the Cuckoo (§ 351)^ In manf points of structure, 
the Chr3rsidida9 bear a strong res^nbiance to the Aculeate 
Hymenoptera; and they may be considered as intermediate 
between the two great divisions of the Order. 

692. Section III. Aculeata Pil£don£s. The Hymenoptera 
of the Aculeate division may be usually distiagnished from the 
Terebrantia, by the mode in which the abdomen is united to 
the thorax. In the borers^ it is in general closely jointed to 
it,— a structure which is evidently necessary for providing the 
ovipositor with the requisite strength ; whilst in the stinging 
Hymenoptera it. is usually connected by means of a peduncle 
or foot-stalk, which is often (as in the Wasp) fflctremely 
slender, and of which the first appearance is seen in the Ohry- 
sididsB, as just now mentioned.-*-The Predaceaus subdivision of 
this group contains several families; of which the most im- 
portant only will be noticed in detail. 

693. The Cbabronidje, Labrid^, Bembecid^, Spheoid^ 
SciOLiD^, and MuTiLiDis, may all be considered under one 
general description ; they form a group, which may be termed, 
from their peculiar habits, that of Fossores^ or Diggers ; and 
they are commonly known as Sand and Wood-Wa^s. They are 
solitary in their mode of life, and consequently no neut^:^ exist 
among them. In general the females excavate cells in the 
ground, or in posts, timbers, &c.; in which they deposit — 
together with their eggs — various larvffi or perfect insects, and 
(in some species) even spiders, which are destined for the sup- 
port of their progeny when hatched. Occasionally the insects 
composing this store are first stung to death ; but sometimes 
they are only slightly stung, and are finally killed by the larvaa 
when they come forth from their eggs, — being in this manner 
rendered powerless, whilst their bodies are prevented from 
decomposing. The perfect insects are generally very active, 
and fond of the nectar of flowers, especially those of the Umbelli- 
ferous tribe. They delight in the hottest sunshine, flying and 
running over sand banks exposed to the mid-day sun, and keep^ 
ing their wings in constant agitation; some of the tropical 
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species are among the largest of the order, and their sting is verj 
severe. The Sand-buirowers exoavate their nests, by means of 
powerful brushes, with which their legs are furnished ; whilst 
the Wood-burrowers use for this purpose their strong broad 
mandibles, which are provided with toeth-like projections. 

694. The next family, that of Fobmigid^ is composed of 
the well-known and singularly interesting tribes of Ants (the 
White Ants, improperly so called, belonging however to the 
preceding order) ; which are distinguished from all the Hjrmen- 
optera previously described, by their habit of residing under^ 
ground in numerous societies, and by the existence of neiUers 
among them, by which class the labours of the community are 
chiefly performed. The males and females, which constitute 
but a small proportion of each commnnity, are alone furnished 
with wings; the former are the smallest. The neuters are 
somewhat smaller than the males, and for the most part 
resemble the females in conformation ; but the thorax is 
smaller, not having to give attachment to wings. The nests 
of Ants are di£Ferently constructed in the di£Ferent species, but 
all are veiy curiously and regularly arranged ; some account of 
them will be given hereafter. The males and females leave the 
nest, as soon as they have acquired their vdngs; and go 
forth together into the air. The males soon die, without 
entering their former abode. Of the females some return, and 
depont their eggs in the original nest ; whilst others go to a 
distance, and become the foundresses of new colonies : they, too, 
lose their wings at this period, sometimes stripping them off 
with their own feet, in other instances being deprived of them 
by the neuters. — ^These last not only construct the nest, but 
most carefully tend the young grubs ; supplying them with 
food, moving them on fine days to the outer surface of the 
nest to givn them heat, and carrying them back again at the 
approach of night or bad weather, and defending them when 
attacked by enemies. The winged Ants having all perished at 
the commencement of the cold weather, the neuters only survive 
the winter. Some of them are larger and rather differently 
formed from the rest, and appear to be the soldiers of the com- 
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munity;— not only defending their own nests against attack^ 
but actually making war upon the nests of other species of Ants 
(as will be hereafter detailed), and keeping their captives in 
slavery. Ants are well known to be extremely fond of saccha- 
rine matters; and they seem greatly to relish the fluid which 
exudes from the bodies of Aphides and Coccids (§ 719, 720). 
Some species even collect Aphides into flocks, and keep them, 
as it were, in pastures ; which they conneet with their nests by 
means of galleries, excavated along the stems and branches of 
trees ; and they protect the eggs of these insects in their own 
nests, especially in bad seasons. 

695. The family of Yespid^^ or fVcups^ is distinguished from 
the other Hymenoptera, by the wings being folded when at rest, 
throughout their entire length. In general these insects are 
ioeial; the communities, however, being small. In such cases, 
there are neuten, or individuals of neither sex ; but these are 
not destitute of wings. There are also some tolitary Wasps 
(whose habits resemble those of the Fossores, whilst their 
general structure is more conformable to that of the Social 
Wasps), among which no neuters exist. — ^The best-known of 
the Social Waspg, such as the Common Wasp of this country, 
construct their nests with bits of wood, bark, &c., which they 
separate with theur jaws and reduce 
to a pulp ; and this pulp, when ex- 
panded and dried, forms a paper-like 
substance. With this are built layers 
of hexagonal cells, one row being 
joined to the under side of another. 
The top row is attached in some 
species, merely to the under side of 
a branch, or to the roof of a slight 
hollow, by which it may be in some 
degree protected; but in other 
species, the whole comb is enveloped 
in a covering, formed by several 
layers of the same paper-like sub^ 
stance, with one or more apertures (Fig. 387; ^nd Anim. 
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Physiol. Fig. 267). Wasps feed in their perfect state 
upon insects, meat, fruit, &c. ; and nourish their young with 
the juices of those substances. A Brazilian species stores 
up an abundant proyision of honey. — ^The nests of the Solitary 

Wasps are formed of 
earth; they are some- 
times concealed in holes 
of walls, in the earth, or 
old wood; and some- 
times they are fixed to 
plants. The parents 
store them with insects 
or caterpillars, which 
they have previously wounded with their stings. These nests 
contain a succession of cells, in each of which a single egg is 
deposited. 

696. Section IV. The H3rmenoptera belonging to the 
Melliferous^ or^^honey-coUecting divisions of the Aculeata, are 
known by the peculiar conformation of the hind-feet ; of which 
the first joint is compressed and extended 
into the form of a square plate, and pro- 
vided on the inside with brush-like tufts ; 
these organs are employed for the purpose 
of collecting and carrying the pollen of 
flowers, which is destined for the nourish- 
ment of the young. — All the insects of this 
tribe are commonly known by the name of 
Beef J but the tribe, like that of Wasps, 
contains two di£Ferent groups, — in one of 
which the species are all solitary, and there 

are only two kinds of individuals — ^males and females — ^in each ; 
whilst the others mostly live in societies of greater or less extent, 
but are chiefly distinguished from the former by certain pecu- 
liarities in the structure of the mouth. 

697. Of the Solitary Bees^ which constitute the family 
AiiDBJBNiDiB, there are many curious varieties ; some of which 
go under the names of Mason, Carpenter, and Upholsterer Bees, 
from the materials on which they respectively work ; the first 
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agglutinating bits of sand or gravel, by means of a viscid saliva, 
and constructing with these a regular edifice ; the next excavating 
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wood by means of their powerful jaws ;— and the last construct- 
ing their cells out of pieces of leaves, which they cut into the 
requisite form with surprising dexterity. The purpose of these 
operations is, in all instances, to form a series of cells ; in each 
of which an egg is deposited, with a supply of pollen-paste for 
the nutrition of the larva. 

698. Of the Social Bees^ or Apidjb, there are two principal 
groups ; the first consisting of the Humble-Bees or Wild-Bees ; 
and the second of the Hive-Bees, 

699. The Bambi^ or Humble-Bees^ uf which there wre many 

species in this coun- 
try, live in cnriouB 
habitations, which 
are sometimes exca- 
vated at a consider- 
able depth in the 
ground, and some- 
times built upon 
its surface, beneath 
stones, &c. The so- 
cieties consist, in 
some species, of about 
fifty or sixty indivi- 
They contain three 
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duals ; in others of as many as 200 or 300. 
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kinds of individuals, — males, females, and neuters : of these 
the females are the largest, and the neuters the smallest. 
The females alone survive the winter ; and they employ the first 
fine days in spring to commence their nests, which they very 
quickly excavate, and supply with a mixture of honey and 
pollen for the nourishment of the first hrood. This consists 
exdusively of workers or nefuters ; which, after having undergone 
their transformations, assist in the labours of the nest, — ^both by 
the construction of new cells, the collection of food, and the 
rearing of the larvse. It is not until the autumn, that the males 
and females are produced. The former proceed from eggs laid 
by females, so much smaller than the rest, that they have been 
mistaken for workers. At the commencement of winter, all but 
the larger females die; these remain in a sort of chamber distinct 
from the rest, rendered warm by a carpeting of moss and grass ; 
but without, as it would appear, any supply of food. 

700. It is in the Hive-Bees^ that the arts of construction, 
and the union of individuals in societies, are exhibited in the 
most remarkable manner. These societies contain but a single 
perfect female, commonly termed the Queen, — several hundred 
males, which are known as Drones, — and about twenty thousand 
Workers or Neuters. It is by the latter that all the labours of the 
hive, — the construction of the combs, the collection of food, and the 
nourishment of the larvaa, — are performed. The accompanying 
figures exhibit the relative sizes and aspects of these three kinds. 
The wax of which the comb is constructed, is secreted by the 
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insects themselves, in little scales, which work out between the 
segments of the abdomen. These are taken up and kneaded by 
the jaws, and applied in the proper place. The cells are for the 
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reception of the eggs, of honey and of the pollen of flowers 
mixed with honey, into a paste known as bee-bread. This food 
is not deposited in the cells with the eggs ; bat is supplied to the 
larv89 by the workers, which tend them most assiduously. The 
honey is stored up for the support of the adults through the 
winter ; a considerable proportion of the Neuters surviving, as 
well as the Queen, when the supply of food is sufficient. The 
Drones are killed at the end of the summer, by the stings of the 
workers, being themselves unprovided with any means of defence. 
The eggs are laid in the central part of each comb, which is the 
warmest situation ; those which are to produce Drones have 
cells constructed for them, which are 
rather larger than the rest ; and those 
from which Queens are to be reared, 
termed royal cells, are much larger and 
of different form. When so many 
Fio. m^RovAL C.LL. y«"°g ^^ ^^ produced, that the hive 
is over-peopled, colonies are sent forth 
with young queens in search of another habitation. Further 
details on the economy of Bees have been elsewhere given 
(Anim. Physiol. §§ 712 — 716) ; and others will be found in a 
later part of this volume. 



Order V.— LEPIDOPTERA. 

701. This Order, characterised, as formerly stated, by the 
downy covering of the wings, contains some of the most beauti- 
ful forms of the whole class, as well as some of the largest. 
The numbw of species it comprehends, is probably as great as 
that of any other Order, except the Coleoptera ; and may pro- 
bably rank as about one-fifth or one-sixth of the whole class. 
All the insects of this Order are commonly ranked as Butterflieiy 
MothSf and Sphinges or Hawk-moths : and whilst they are most 
readily distinguished from all others, there is so much general 
resemblance among themselves, that the difficulty of classifying 
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them is often considerable. The possession of scales upon their 

wings is not alto- 
InM^^'^M gether peculiar to 
' ' ' them, for they are 

found upon the 
wings and bodies 
of other insects ; 
but it is only in 
these, that the wings 
are covered with 
such completelayeis 
of them. The scales 
are generally of somewhat oyal form, terminating at one end in 
a kind of stalk, by which they are attached to the membrane of 
the wing ; and on this they are arranged in rows, overlapping 
each other like tiles on a roof. They may be easily rubbed off 
with the finger, and the bare membrane is left, which is then 
seen to correspond with that of the wings of other insects. The 
number of scales covering the wings of the Silkworm Moth, has 
been estimated at about 400,000 ; it is entirely to these that the 
colours of the wings are due, which are frequently so gorgeous in 
this Order. In a few species, the wings are partially, or even 
almost entirely destitute of scales ; but the structure of the mouth, 
and their alliance in general characters with other species, leave 
no doubt that they belong to this Order. Of the peculiar adapta- 
tion of the mouth of the Insects composing this Order, for suetiouy 
mention has been already made (§ 616) ; and they are there- 
fore placed at the head of the Haustellate or Suctorial group, as 
the Coleoptera are at the head of the Mandibulate insects. Of their 
metamorphosis, also, an account has been given ; and it now 
only remains to describe some of the peculiarities of the larvae 
and pupa of this Order. 

702. The first three segments of the body, in the Lepidopterous 
larvsB, have each a pair of simple, short, and jointed feet ; which 
are the rudiments of those of the perfect insect. Behind these are 
a variable number of temporary appendages, called j?ro-^«, which 
are thick, short, fleshy tubercles, armed at their extremity with 
a great number of minute hooks ; and furnished witb^powerful 
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muscles. There are usually five pairs of these — ^four of them 
succeeding the true legs, and another proceeding from the last 
segment of the hody. Those possessing pro-legs on nearly every 
segment, crawl upon all the feet at once, after the manner of 
the Myriapoda ; hut those which have only a small number of 
pro-legs adopt a different method. They seize fast hold of the 
objects on which they are stationed, with the six true legs at 
the fore part of the body, and then elevate the intermediate 

segments into an 



arch, until they 
bring the pro-legs 
behind close to the 
others; they then 
disengage the true 
feet, and retaining 
hold with the pro- 
legs, they thrust the 
body to its fuU 
length, and then re- 

Fio. m-CATKBPiLLAR AND CHRYSALIS OF Magpik Moth. commeuce thc sftme 

manoeuvre, which 
they execute very quickly. They are called, from this drcum* 



100^ 





Fio. 387.-1. Catkrpillar or S^allo^-tailbo Moth {Cw^apUrfx£amXmcar%a). 
2. Catkrpillar ok privbt Hawk-Moth (Spl^nx ligustri). 

stance, Loopers or Geometers. Many of them resemble small 
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pieces of stick in their forms and colonrs ; as well as in their 
mode of occasionally standing fixed to twigs, hy their hind legs 
only, for a great length of time. Sach an attitude requires a 
great amount of muscular force ; and we find that the muscular 
system of these Caterpillars is very complicated and highly 
deydoped (Fig. 398). It 
was stated by Lyonnet, who 
devoted many years to the 
study of the anatomy of the 
larva of the Goat-moth, that 
this contains 4041 distinct 
muscles. 

703. The greater number 
of Caterpillars are vegetable- 
feeders, most of them confin- 
ing themselves to the leaves 
of plants ;'and the correspond- 
ence between the development 
of the leaves and flowers of 
plants on the one hand, with 
that of the]] Caterpillars and 
Butterfiies which are respectively to feed upon them, cannot but 
strike every one as a beautiful example of creative foresight. — 

But there are some Caterpillars, 
which are adapted to feed upon 
such flowers, as come forth early 
in the year ; and others attack 
seeds, roots, and even the woody 
portion of the stem. More- 
over, there are a few which live 
in this state upon animal matter, 
such as wool, hides, leather, and 
fat. Many can digest a con- 
siderable variety of alimentary materials; whilst there are others 
that can only findj support on some one kind, — the leaves of a 
particular species of plant for example. The habits of Caterpil- 
lars are extremely various. Some burrow into the substance of 



Fig. 398.— Dor&ai< Muscles of thk antkaior 
Sbombnts op thb Caterpillar or Cossus. 






Fio. 399.— Nkst or Torthix. 
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leaves, in which they excavate galleries ; others enyelope 
themselves in the membrane of the leaf itself, which they roll 
together and attach by threads, — as seen in Fig. 399, repre- 
senting the nest of the larva of Tartrix viridissima (a small 
nocturnal Butterfly), which is constructed upon the leaves of 
the Oak. Many construct cases or sheaths, either fixed or port- 
able, by agglutinating several substances together, — ^as is done 
hy the larva of the common Clothes'-Moth ; and there are some 
that live in societies, dwelling together under a tent of silk, 
which they spin in common, and which serves to defend them 
from the inclemency of the weather. 

704. The Imago, or perfect Insect, when it throws off its 
last envelope and comes forth into the air, of which it is hence- 
forth to be one of the gayest inhabitants, is not altogether 
perfect, although capahle of very soon becoming so. The wings 
appear at first very slightly developed, and sometimes even 
hang loosely at the sides ; and it is not until the animal 
has injected their trachesB with air, — ^by taking several full 
inspirations and then forcing it into these passages, — that they 
become expanded so as to serve for flight. From that period 
the body is supported by them, during hy far the lai^est pro- 
portion of their active state ; the legs being weak and used only 




FlO. 400.— TORTOISX-SRXIX 
BuiTS&rLT J17BT KMKROBD 
FROM THB CHBYSAUS. 




Fio. 401.— Dahaib pubxtppa. 

to rest upon, and one pair being sometimes undeveloped 
(Fig. 401). 

705. The Lepidopterous insects are divided into three 



diVrnal lbpidoptera, or butterflies* 
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sections ; which differ alike in their conformation and habits. These 
are^ — I, The Diurna, Diurnal Lepidoptera, or BiUterflieSy which 
may be at once distinguished by the vertical position of the wings 
during repose; — II. The Crepuscularia, or TwUi^ht Lepi- 
doptera, commonly known as Hawk-Moths^ in which the wings 
are horizontal in repose, and the antennaa thick and club-shaped; 
— and III. The Nocturna, Nocturnal Lepidoptera, or Moths^ 
whose wings are also horizontal or inclined in repose, but 
whose antennsB are more slender, tapering gradually from the 
base to the point. 

706. Section I. Diurna. — The first section corresponds 
with the Linnssan genus Papilio; which is now, however, very 

much subdivided. 
The Butterflies are 
distinguished from 
the other Lepi- 
doptera by the 
brilliancy of their 
colouring, and by 
the beauty of the 
under as well a8 
the upper side of 
the wings. Their 
Caterpillars have usually sixteen feet ; and their PupsB are 
nearly always destitute of any silken envelope, and are attached by 
the tail. The Pupa of nearly every Butterfly of this group is 
ornamented with golden spots ; from which circumstance the name 
Chrysalis is derived: this term ought, therefore, to be limited to 
the Pupa of the Butterflies ; but it is now in such general use, 
as applied to all PupsB, that it is undesirable so to restrict it, 
and the term Aurelia (which means in Latin what Chrysalis 
does in Greek) is now employed by Entomologists to designate 
these Pupffi. The antennsB of Butterflies are sometimes 
knobbed at theur extremities, sometimes of the same thickness 
throughout, and sometimes taper gradually from base to point. 
To the genus Vanessa^ which is distinguished by the abrupt 
termination of the antennaa in a short knob, belong several of 




Fio. 402.— Arovwnis Paphia. 
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the most beautiful of the British Butterflies ; — such as the Pea- 
cock (Fig. 403), the Painted Lady, the Camberwell Beauty, the 
Red Admiral, the Tortoise-shell, and others. The subdiyisions 




Fig. 403. — Pbacock Buttkrkly. 

of this Section bear so strong a resemblance to each other in 
structure and habits, that it is not requisite to describe them 
more minutely. 

707. Section II. — The Crepuscularia, or Hawk-Moths, 
correspond with the Linn»an genus Sphinx; which derives its name 



Fio. 404.— Sphinx or the Yinb. 



from the peculiar attitudes, resembling that of the sculptured 
Sphinx of antiquity, into which the larva sometimes throws 
itself (Fig. 397) ^)* Although the Lepidoptera arranged under 
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this division on account of their correspondence in stracture, are 
mostly twilight-fliers, this is not the case with all ; for there 
are some which come abroad in open daylight, and suck the 
juices of flowers with their long trunks, whilst the sun is 
brightly illumining their wings. These species are observed 
to be more brilliantly coloured than the rest; the body and 
wings in most of the Sphinges having a dull, brownish-grey 
aspect, like that of many Owls, whose habits are similar. The 
wings are more downy in appearance than those of Butterflies, 
as if the scales did not lie so closely upon one another. The 
larvae of the Hawk-Moths have always sixteen feet ; and their 
pupa9 are either inclosed in a cocoon, or bury themselves in 
the earth. The perfect insects make a loud humming noise in 
their flight. — One of the most remarkable of this group is the 
Acherontia atropot^ Death's-Head-Moth (Fig. 312), which is 
distinguished by the skull-like patch on the back of the thorax, 
as well as by the squeaking sound which it emits. In conse- 
quence of the peculiar aspect of the body, the sudden appearance 
of this insect in large numbers has been commonly regarded as 
ominous of evil. It is a great enemy to Bees, and enters their 
hives, devouring their honey, and alarming the inhabitants so 
much^ that they keep aloof from it instead of attacking it, 
although it has no means of defence. — ^The Sphinx HeUatarum^ 
or Humming-bird Hawk-Moth, commonly known under the 
name of " Bee-bird," is one of the most beautiful of the diurnal 
species ; and is remarkable for the loudness of the sound which 
it produces, when feeding self-poised upon its wings, by means 
of its long proboscis, which it inserts into the cups of even the 
narrowest tubular flowers. It might thus be almost regarded 
as the representative, in our own climes, of those feathered 
beauties after which it is named, that delight the eyes of the 
observer of Nature in tropical regions. 

708, Section III. The group of Nocturna, or Mo^^ is 
by fax the most extensive of the order, and includes the largest 
species. In their general aspect. Sphinges and Moths are some- 
what alike ; but they may be at once distinguished by the form 
of the antennas, which taper in the latter from base to point. 

m2 
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Many of them have no distinct trunk ; and in some species the 
females ace almost, or altogether, without wings. Sometimes 
the wings can he rolled round the body ; and in a few instances 
they fold longitudinally, like a fan. The greater part of these 
Lepidoptera fly by night, and their colours are usually dull. 
Their Caterpillars vary as to the number of their legs, firom ten 
to sixteen ; their pupae are of rounded form, and almost alwa3r8 
spin a cocoon. The large number of species belonging to this 
section, and the general similarity of their form, make their 
classification a matter of some difficulty. They have been 
divided into ten families ; of which it will be sufficient here to 
notice the most important. 

709. The first family, that of Hepialid^, contains two 
interesting genera, Hepialm and Conus. The Moths of the 
former are commonly termed Swifts^ from the rapidity of their 
flight, which takes place during the twilight ; the sexes vary 
considerably *in appearance and structure, — the male of one 
species, which frequents the Hop, being pure white, whilst the 
female is yellow, with darker markings. The male is commonly 
known as the Ghost-Moth^ from his colour, and from his habit 
of hovering with a pendulum-like motion, over one spot (often 
in churchyards), where the female is concealed. The genus 
C08SUS contains the Goat-Moth^ one of the largest of British 
Lepidoptera ; which has received its common name from the 
goat-like character of the strong scent emitted by the larva. 
This larva feeds upon the wood of willow-trees, which it per- 
forates in every direction, and thus so greatly weakens the trees, 
that they are often blown down with the first strong wind. It 
was this larva, which was so laboriously dissected by Lyonnet 
(§ 702) ; and his researches were continued upon the pupa and 
imago, so as to constitute the most elaborate and complete 
account of the anatomy of any Insect, that has been yet given to 
the world. 

710. The family of Bohbygid^ consists of Moths allied to 
that of the common SUk-fcorm. The pupsB are inclosed in 
cocoons of pure silk, frequently of very firm texture ; and they 
are rarely subterranean. The prevailing hues of these Moths 
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are grey or fawn colour ; and many of the larger species have 
the wings ornamented with eye>like spots (Fig. 405). This 




Fio. 405.~Enprror Moth. 



tribe contains the largest species of Lepidoptera. The Saturhia 
pavonia mc^or^ found in France, has been seen to attain the 
breadth of five inches across the wings; and the Satumia pavonia 
minor^ or Emperor Moth of this country (Fig. 405), attains the 
breadth of 3^ inches. Many of this genus are remarkable for the 




Fio. 406.— Saturnia promrthba. 



contrivances they adopt for security in the Chrysalis state ; and 
among the most so is the Satumia promethea (Fig. 406), an 
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Fio. 407.— Catbrpillar, Leap-cocoon, and Chrysalis 

OP THE PROMETHXUS MoTH. 



American species, which, previously to spinning, draws together 

the sides of a leaf (within which it afterwards forms its cocoon), 

and fastens its stalk 
rJrM X ^ j^^ M to the stem by a 

strong silken web 
(Kg. 407). The 
genus Bombyx is 
one of great in- 
terest and import- 
ance, as containing 
the Bomhyx mori, 
whose larva fur- 
nishes all our silk ; 
as well as many 
other species. Of 
these, some much 
resemble a bundle 
of dead leaves, both 

in colour and form, when their wings are closed ; such is the 

Bomhyx querdfolia^ or Oak-leaf Moth (Fig. 408). The Cater- 
pillars of another species of Bomhyx 

are remarkable for their curious 

habits. They live in societies on the 

leaves of the oak ; and spin, when 

young, a kind of silken tent, divided 

within into cells. They may be seen 

to issue from it in the evening in a 

procession, — one of them, which 

seems to act as a guide, advancing 

at the head,— two then following, — 

then three, — ^then four,— and so on, 

each rank containing one more than 

the preceding one. Hence they have 

been called proeemonary caterpillars. 

Each spins a separate cocoon; but 

they are united in regular apposition, 

being laid side by side against each other. 

711. The family NocTuiDiE contains a great proportion of 




Fio. 406.— BoMByx qxtrrcipolia. 
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Fig. 409.— PHALiKNA orossuijiriata. 



the larger sombre-coloured night-flying Lepidopterous insects ; 
and contains 400 British species, which bear a very strong 
resemblance to each other. — The family Geombtrid^, so named 
from the peculiar mode of progression of its Caterpillars (§ 702), 
is nearly allied to the preceding ; but the Moths it includes are less 
exclusively nocturnal, and are more brightly coloured. To this 

family belongs the com- 
mon Magpie Moth (Fig. 
409), whose larva and 
pupa have been already 
represented (Fig. 396) ; 
also the SwalloW'tailed 
Moth^ and many other 
well-known species.— The 
ToRTRiGiD^ constitute a 
numerous group, composed of minute and usually dull-coloured 
Moths, whose larvae are ex- 
tremely destructive to vege- 
tation. One of these, known 
as the Codling Moth, is one 
of the most destructive ene- 
mies to the Apple crops of this 
country ; laying its eggs in 
the eyes of the newly -formed 
fruit, within which the larva 
feeds, its presence being only 
indicated by the premature 
falling off of the fruit. — 
Another species does great 
damage to our apricot trees 
in the early spring, by tying 
the young shoots together 
with threads, so firmly that 
their growth is stopped, and 
by devouring the young 
blossom-buds. Another species (Fig. 399) feeds upon the Oak, 
which in certain years it totally strips of its foliage ; its numbers 




FlO. 410.— PyRALIS VITI8. 

4, Male ; 4 a. Female ; 4 fr. Caterpillar ; 
4 c, Eggs; 4(1, 4 e, Pups. 
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being so great, that when the branches of that tree are sharply 
beaten, a complete shower of these moths is dislodged. And 
another commits great havoc in oar gardens, by eating the yoong 
leaves and buds of the roses ; the caterpillar feeding within the 
bud, from which, when disturbed, it lets itself down by a thread. 
One of the most destructive insects of this family is the Tartrix 
vUana (the PyrcUe of French Entomologists) ; whose larvaa com- 
mit extensive ravages in the Vineyards of some parts of France, 
where they occasionally appear in very large numbers, devouring 
and tjring together the leaves, and preventing the development 
of the grapes^ by surrounding them with the silken threads of 
which they make their cocoons (Fig. 410). 

712. The family TinEiDiB contains those little Moths, com- 
monly termed Cloihei^'Moths^ whose larvae are so injurious to 
woollen stu£& of every kind, as well as to furs, skins, feathers, 
and other objects of natural history, upon which their voracity 
is exercised. They use the same materials also for the construc- 
tion of their moveable cases or sheaths ; which they enlarge with 
the increasing size of their bodies, both by adding to their 
extremities, and by slitting them along and inserting a new 
piece, so as to increase their diameter. In these tubes they 
undergo, their metamorphoses, after closing the orifice with 
silk. — ^The larvsa of the genus Galleria infest Bee-hives, feeding 
upon honey, forming galleries in the honeycomb, and enveloping 
the bees in their silken webs, sometimes to such an extent as to 
destroy the community. 

713. The FissiPENNiE, or Plumed Mothi (Fig. 304) consti- 
tute a small group, distinguished from all other Lepidoptera by 
the singular division of the wing into branches or rays, of which 
each pair has from two to six; these are most beautifully 
fringed at their edges, and much resemble the feathers of Birds. 
They are composed of the nerves alone, without any intervening 
membrane; this last seeming to have been transformed into 
the fringe. The Plumed Moths are of small size ; some of them 
are diurnal and brightly-coloured; others are twilight-fliers, 
and of a duller aspect. Some species have the power of folding 
up the wings like a fan ; so that, when closed, they present the 
appearance of a single broad ray. 
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714. This is probably the place in which the small Order 
Strbpsiptbra should be introduced ; although the insects com- 
posing it depart so widely from the general type, that it is 
difficult to say to what orders they are most nearly allied. They 
are few in number ; and are parasitic in their larva state upon 
other insects, especially the solitary Bees belonging to the 
family AndrsBnidae. The name of the Order, which means 
" twisted wings," has reference to certain curious appendages, 
that look as if they had 
been twisted, which are' 
seen in front of the 
wings ; these appendages 
are attached to the se- 
cond segment of the 
thorax, whilst the wings 
(of which there is only 
one pair) proceed from 
the third; hence they 
are to be regarded as the 
altered rudiments of the 
anterior pair of wings, in 
the same manner as the 
balancers of the Diptera 
are to be considered as 
the rudiments of the 
posterior (§ 724)* The 
most remarkable feature 

in the organisation of these insects, is the absence of any opening 
at the mouth ; although it is furnished with appendages in some 
degree resembling those of the Lepidoptera. The eyes are large 
and prominent, being mounted on footstalks as in many Crus- 
tacea. The antennae are of singular form, being usually furnished 
with an internal branch or projection nearly as long as the 
antennsB itself. The wings are large, and folded in a fan-like 
manner ; when in motion they make a buzzing sound, which is 
considerable in proportion to the size of the animal. The third 
segment of the thorax, to which they are attached, is developed 




Fio. 411.— A, Stylops Dalii, nat size; b, magni* 
fled ; c, Andrena, with the heads of two of its 
larvs exserted between the abdominal rings, a ; 
D, larva extracted and magnified. 
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to an extraordinary size in proportion to the rest of the animal. 
The larvffi appear to feed upon the fattj matter in the bodies of the 
Bees and Wasps, on which they are found, without injuring their 
vital parts ; and their production does not seem to cause the death 
of the animals they infest. When full grown, their iieads may 
be seen projecting between the segments of the abdomen of the 
Bee (Fig. 411, a). Here, too, they undergo their metamorphosis 
into the pupa state ; remaining still inclosed in the larva-skin, 
and bursting through both the larva and pupa cases, to make 
their way forth as perfect insects. No distinct mouth has been 
discovered in the larva, and its mode of obtaining nourishment 
is unknown. Many points in the economy of these singular 
insects are still uncertain; especially all that concerns their 
reproduction. All the specimens yet discovered appear to be 
males ; and it has not been yet ascertained when and how the 
eggs are laid, or at what stage in the growth of the animals 
infested by them, the parasites first make their appearance. 



Order VI.— HOMOPTERA. 

715. The Insects of this Order are distinguished from all 
others which have, like them, the mouth adapted for suction, by 
possessing two pairs of wings, usually composed of a firm mem- 
brane, and not covered by scales ; and by having the anterior 
pair, whatever may be their consistence, of the same substance 
throughout, and roof-like when folded. They present many 
curious anomalies both in structure and habit ; so that it is 
difficult to assign any general character that shall include them 
all. It is in the structure of the mouth that there is the greatest 
agreement; this is adapted for suction, the tongue being 
elongated and channelled like a gutter, and being surrounded 
by delicate lancet-like organs, with which the tissues of plants are 
pierced. All the Insects of this group subsist on vegetable 
juices; and some of them, from the amount of damage they 
commit, are very injurious to the cultivator. Some of the 
females are furnished with an ovipositor, provided with several 
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toothed saws ; and with this they make incisions into the leaves 
and stems of plants. This Order may he divided into sections, 
like the Ooleoptera, according to the numher of joints in the 
tarsi. These sections are only three in numher : in the first, 
Trimbra, the tarsi are ^Ar^-jointed ; in the second, Dimera, 
they are hut ^ero-jointed ; and in the third, Monomera, they 
have but one joint. 

716. Section I. Trimera. The three-jointed division of the 
Homoptera includes three families, the CicADiDiB, or Cicadas^ 
the Cercopid^, or Froth-hoppers^ and the FuLGORiDiB, or Lan- 
tem-Jlies. — The Cicadidje are the largest of the Order; one 

species measuring between six and 
seven inches in the expanse of its 
wings. They are nearly all inha- 
bitants of tropical or the warmer 
temperate regions ; only one small 
species having been found in this 
country. They have large transpa- 
rent wings, but are not very active 
in their habits; being generally found 
upon trees or shrubs, whose juices 
they suck. The female makes a 
succession of slits in the small twigs 
with her ovipositor, and deposits her 
eggs in these; the young larvae 
soon quit their birth>place, however, 
and descend to the ground, where 
they increase in size and become 
pup89. It is a species of Cicada 
inhabiting a kind of Ash, which, by puncturing it, causes it to 
discharge the sweet, slightly purgative, substance, that is known 
as Manna. — Of the peculiar sound-producing powers of the 
CicadidsB, an account has been elsewhere given (Anim. Physiol. 
§ 679). The ancient Greeks used the Pupse and perfect insects 
as articles of food. 

717. The FuLGORiDJE bear a general resemblance to the 
Cicadidce, but are generally destitute of organs for producing 




Fio. 412.— Cicada. 
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Fig. 413.— Fuluora Lantbrnaria. 



sound, and have the legs more adapted for leaping. Many of 
them are distinguished by a curious prolongation of the forehead, 
which sometimes equals the rest of the body in size. The shape 
of this projection varies extremely in the different species, which 
are numerous in many tropical regions. It is in it, that the 

luminous property of the 
Lantern-fly ij^ig, 413) is 
said to exist; but the 
luminosity of this in- 
sect, — of which one spe- 
cies is a native of Guiana, 
and another of China, — 
is doubted by many na- 
turalists, the evidence in 
regard to it not being sufficient. If it really exists, it is only at 
particular seasons. The Lantern-fly of Guiana seems to be an 
exception to the general rule, with respect to the absence of 
sound -producing powers in this Order; for it produces, firom 
sun-set to sun-rise, a loud sound which has been compared with 
that of a razor-grinder at work. 

718. The family CERcoPiDiB consists of insects of small size ; 
many of which are remarkable for the grotesqueness of the forms 
they assume. Several species are inhabitants of this country, 
and are known under, the name of Frog-hoppers^ from their leap- 
ing powers ; or of Froth-hoppers^ from their peculiar frothy 
secretion ; or of Cttckoo-spits^ from the supposed origin of this fluid. 

The most singular forms, 
however, are confined to 
the tropics ; and exam- 
ples of them are present- 
ed in the accompanying 
figures of two Brazilian 
species, whose curious 
result from 




Fio. 414.-^a, Bocydium globulare ; 5, B. cruciatum. 

an extraordinary development of the first segment of the thorax. 
The insects of this family are often beautifully varied in their 
colours ; they are constantly found upon plants, upon the juices 
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of which they subsist in all their stages ; and some of them are 
employed by certain species of Ants, for the same purposes as the 
Aphides (§§ 694 and 719)- The Aphrophwra spumaria is one of 

the best known British 
species; its larva and 
pupa, resembling the 
perfect insect in almost 
every respect save the 
absence of wings, are 
Fio. 415— apbbopbora spumaria ; a, imago; found beneath a frothy 

5. frothy secretion ; c, pupa. eXudation,— espOciaUy 

upon willow-trees; and the exudation is sometimes so abun- 
dant, from the large number of these animals, that persons 
walking beneath are wetted by the continual dropping of the 
fluid. A species nearly allied to this, inhabiting Madagascar, 
discharges a clear instead of a frothy fluid ; and this in such 
quantities, that it falls to the ground in the middle of the day, 
when the heat is the greatest, in a continual shower. 

719. Section II. Dimera. This section entirely consists of 
minute insects ; of which the most remarkable family is that of 
Aphidjb, ot Plant- Lice. These live in great numbers upon the 
surfEuse of plants of almost every description, and suck the 
juices, by means of their proboscis, from the young shoots, 
leaves, stems, and even roots. They greatly weaken its vigour, 
and often distort young shoots and leaves ; some species cause 
little gall-like excrescences by the irritation they produce. From 
two horurlike processes at the posterior part of their bodies, a 
saccharine secretion exudes, of which Ants are very fond (§ 694) ; 
and it is either this fluid dropped on the adjacent leaves^ or the 
extravasated sap flowing from the wounds made by the insects, 
which is known under the name of honey- dew. In many of the 
species of this family, a large proportion of the individuals never 
acquire vdngs ; in which case the Pupa is not to be distinguished 
from the Larva or Imago ; whilst at certain parts of the year, 
other individuals of the same species, and of both sexes, acquire 
wings. The wingless Aphides, which may be seen in the 
spring and early summer, are all females capable of producing 
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fertile eggs ; and from these are reared the winged males and 
females, which are seen later in the season. Their rapidity of 
production is enormous ; nine generations having been produced 
within three months, and each generation averaging 100 indivi- 
duals. Hence it may be calculated that, from a single Aphis, 
10,000 miUion milliaiu may be generated in that short period. 
It is not surprising, then, that an immense amount of damage 
should be done by them, notwithstanding their very small size. 
Many of the bli^hit so injurious to the gardener and the agricul- 
turist, consist really of Aphides; although from the minuteness 
of the insects themselves, they frequently escape observation. 
The Aphis Roscs^ or Rose Louse, is one of those best known to 
^f^Tp>^ the gardener; whilst the one most destruc- 
^^^^^Br^ ^^^ ^ ^^ property of the cultivator on a 

'^^^1 !v^O^ hirger scale is the Aphu Humuliy or Hop 
^ Fly. Of the extent of its influence on the 

F,o.4i6.-APH,8Ro«*. prod^^^^n ^£ that vegetable, some idea 

may be formed from the fact, that the dufy paid to the English 
government on its growth, has varied from 4^,000/, to 15,400Z. 
in different years, almost entirely from the absence of this insect 
in the former case, and its presence in the latter; and the differ^ 
ence in the actual value of the crop is, of course, far greater. 

720. Section III. Monomeba. The third section contains 
but one family, that of CocciDiB, sometimes called Scale Insects, 
These, although ordinarily of very small size, are amongst the 
most injurious to vegetation of the whole tribe. Like the last, 
they are remarkable for their powers of propagation ; and when 
they once gain possession of a plant or young tree, its death is 
almost certain, — ^the minute size of the larvs rendering it almost 
impossible to exterminate them. They furnish, however, some 
very important products. The bodies of many species are deeply 
coloured through their whole substance, and yield dyes of great 
value ; the richness of which seems to depend upon the nature 
of the plant on which they feed. The Coccus of the ancients 
was a native of the Levant; but that which furnishes the 
Cochineal so highly valued at the present time, was originally 
confined to Mexico, where it feeds on the plants of the Cactus 
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tribe ; it has been introduced, however, along with its proper 
food, into Spain and Algiers, as well as into the hothouses of 
this country. About 800,000 lbs. weight of Cochineal are 
annually brought to Europe ; each pound of which contains about 
70,000 insects. The Lac of the East Indies, which is extensively 
employed in the composition of varnishes, the making of sealing- 
wax, &c., is the product of another species of Coccus. The 
species which inhabit our own country, are important rather on 
account of the damage they commit, than the benefit they afford 
to Man. The bark of many of our trees often appears warty, 
by reason of a great number of small oval or rounded bodies, 
like a shield or scale, which are fixed to them, and in which no 
external traces of the insect are to be observed. These, however, 
are larvae belonging to the tribe in question.- Some of them are 
females ; others young males, which are similar to them in form. 
At a subsequent period, they all undergo singular transforma- 
tions. The males fix themselves to the plant, and pass into the 
pupa state, in which they remain completely at rest ; and at 
last emerge as winged insects,— coming out of their cocoons 
backwards, vnth the wings extended flatly over their heads. 
The females, on the other hand, remain attached to the plant, 
and increase in size, in consequence of the development of a large 
number of eggs in their interior ; but they undergo scarcely any 
other change. The eggs are deposited between the lower side 
of the body, and the surface to which it is attached ; the latter 
having been previously covered with a sort of cottony secretion. 
The parent then dies, and her body dries up and becomes a solid 
cocoon, which covers the eggs. Here the eggs are hatched ; and 
the young larvae, which are at first active in their habits, quit 
their envelope, and ascend to the extremities of the branches ; 
there they affix themselves by their sucking-beak, gradually 
increase in size, and lose their activity. In this condition they 
pass the whole winter ; and it is not until the succeeding spring, 
that the characters of the sexes, which are henceforth to be so 
distinct, begin to show themselves. 
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Order VII.— HETEROPTERA. 

721. These Insects bear a close general resemblance to those 
of the last Order ; but are distinguished by the characters of the 
anterior pair of wings, which are tough at their bases and mem- 
branous only towards their points, and which fold nearly hori- 
zontally, partly overlapping each 
other. The mouth is formed nearly 
on the same plan as that of the 
Homoptera; being adapted solely 
for suction. By far the greater 
number of the Insects of this Order 
feed, like the preceding, upon the 
juices of plants ; but some of them 
prey upon other and weaker Insects ; 
Fio. 417.-PBNTATOMA. and a few species (of which the 

numbers, however, sometimes mul- 
tiply to a great extent) suck the juices of larger animals. The 
majority of this Order are found in tropical climates ; and the 
species that inhabit those regions, are mostly ornamented with a 
great variety of beautiful colours and markings, which often vie 
with those of the most splendid of the Beetle tribes. Many 
species, however, are of aquatic habits ; and these are all of an 
obscure or black colour. Nearly all the terrestrial species have 
the power of emitting, when they are suddenly alarmed or 
touched, a powerful odour ; which is of a pleasing character in 
some species, but which in others (as the common Bed-bug) is 
very disgusting. Many of them seem to eject a poisonous fluid 
into the wound which they make ^r the purpose of suction. 
In some species, the wings are altogether undeveloped ; or the 
upper pair is wanting. The insects of this Order continue active, 
and require food, during all the stages of their existence. They 
may be divided into two sections, distinguished by their resi- 
dence, and by the modifications of their structure in accordance 
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with it; — ikeGi^ocoRiBMf or Land-Bu^s; — and the Hydrogorisje:, 
or Water-Buffs. 

722. Section I. Geocoris^. This section contains a largo 
number of families ; nearly all of which^ however, hear a strong 
general resemblance to that which includes the common Bugs, — 
the CiMiciD^. Some of the tropical species attain considerable 
size, being described as of the bulk of a Cockchafer ; and they 
are much dreaded by the inhabitants of the regions they infest. 
Many of the GeocorissB, however, are vegetable-feeders ; and 
it is among these, that the most brilliant colours are exhibited. 





Fio. 418.— Halys. Fig. 419.— Cimsx Lectularius. 

The common Cimex leciulariuSy or Bed-bug, and its allies, 
jiever possess wings. — There is a curious group of very long- 
legged insects^ whic]^, though placed in this section, leads to the 
next ; this is the family Hydrometrid^, some species of which 
may be met with on almost every pond or stream, skimming 
along the surface, and turning rapidly about, with the greatest 
ease and velocity. The form of the body strongly resembles 
that of a London wherry ; the hind feet conjointly act as a 
rudder ; and the motion is given by the two middle feet, which 
do not, however, dip into the water, but merely brush along its 
surface. The body is clothed on the under side with a fine 
coating of hairs, forming a sort of plush ; which is evidently 
serviceable in preventing it from coming in contact with the 
water. 

723. Section II. Of the Hydrocoris^ or true Water- 



194 



HTDROCORISiB, OR WATER^BUGS. 




Fio. 420.— NoTo- 

IfBCTA. 



Bugi^ there are two families only. The Notonectid^^ or Boat- 
fi\69^ live almost entirely in the water, where they 
feed upon other aquatic insects ; these they seize 
hy means of their fore-legs. The legs of the 
hinder pair have a fringe of hristles along their 
edge ; by which the surface, with which they 
strike the water in swimming, is greatly increased. 
Their general form is extremely well adapted for 
rapid progression in water ; and it is from the 
peculiar aspect and movement of the body, that 
they have received the name of hoat-flies or footer -boatmen. 
The insects of this family swim on their backs ; and the arrange- 
ment of all their organs has reference to this position. When 
stationary at the surface of the water, as is much their custom in 
calm hot weather, they very quickly obtain intelligence of the 
approach of danger, by^means of their eyes, which are so placed 
that they are able to see both above and below the surface ; 
and then, by a single stroke of their paddles, which are commonly 
stretched out at full length, they descend out of sight. Their 
motions are very quick in the element they are chiefly formed to 
inhabit ; whilst on land they are scarcely able to walk. They 
can fly well ; but they rarely exercise this power. The larva and 
pupa only differ from the imago in their 
smaller size, and in the deficiency of wings. 
When they descend into the water, the 
Notonectidffi carry down a supply of air for 
respiration, in a hollow which exists beneath 
the wings, when these are folded together. — 
The Nepid^b, or Water-Scorptons^ receive 
their name from the scorpion-like form of 
their fore-legs, which are efficient instruments 
for seizing thmr prey. They are in most 
respects similar in structure and habits to 
the insects of the preceding fkmily; but 
their motions are much slower, their legs 
not being so advantageously formed for 
swimming. The species represented in the aecompanjring figure 
is a very common inhabitant of our ponds. 




Fio. 421.'— Nspa 

CINBRKA. 
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Order VIII.— DIPTERA. 

724. The two-winged iusects constitute one of the most 
eztensiye Orders in the whole Class, not only in regard to the 
number of distinct species, but also from the occasional excessive 
multiplication of individuals of the same species. Many of them, 
also, have been constant attendants upon Man in all ages. They 
do not attract attention, however, from their size, for there are 
few that exceed an inch in length ; nor is it on account of their 
beauty, for the majority of them are of dull colours ; their forms, 
too, are rarely elegant ; and of the habits and metamorphoses of 
a large proportion of them, very little is known. They owe the 
notice they have attracted, chiefly to the habits of certain species; 
which affect Man and the Domestic Animals, in various ways, 
both in their perfect and early states. However annoybg these 
may be, it must not be forgotten, that other Diptera are of 
extreme service, in cleansing the surface of the earth of vege- 
table and animal impurities; and the carcass that is full of 
maggots would be much more prejudicial in its decomposition, 
than it is when principally eaten up by these voracious creatures. 
The mouth in the insects of this order is formed for suction, as 
already described (§ 616) ; but there are considerable varieties 
in the mode in which this is accomplished. Behind the wings 
are found a pair of moveable slender bodies, termed halteres^ or 
balancers ; these are probably the representatives of the second 
pair of wings. They are kept in continual motion, and are 
usually present even when the true wings are not developed. 
The Diptera all undergo a complete metamorphosis, as far as 
respects the comparative structure of the Larva and the perfect 
Insect; the former being generally cylindrical footless grubs, 
with no representatives of legs, except in a few species. But in 
many there is no proper transformation into the Pupa state ; the 
skin of the larva not being thrown off, but hardening and con- 
tracting, so as to form a kind of cocoon. Within this, the body of 

o2 
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METAMORPHOSIS AND SUBDIVISION OF DIPTERA. 




Fig. 422 — Larva, Pupa, and Imago or Stratiomyb 

CHAM.SLKON. 



the larva is found, at first apparently but little altered, except 

that it has become de- 
tached from the skin, to 
the inside of which the 
organs peculiar to the 
larva, such as the parts 
of the mouth, remain 
adherent. Shortly after- 
wards, the inclosed being 
assumes the form of a 
soft and gelatinous mass, 
in which none of the 
parts of the future insect 
remain visible ; some 
days afterwards, how- 
ever, these organs become distinct, and the insect has then assumed 
the real state of pupa, though without having yet thrown off its 
larva skin. When ready to escape, it scales off the anterior end 
of its case, like a cap. Many larvsQ, however, do throw off their 
skins when assuming the perfect state, and some form a regular co- 
coon. The duration of life in the perfect state is usually very short. 
725. In subdividing this Order, we first separate from it a 
small but remarkable group, which forms the transition to the 
more aberrant orders of the class, especially the Aphaniptera. 
Some of them are entirely destitute of wings ; and yet in their 
general structure they correspond with the Diptera. They are 
distinguished from all other insects by their curious mode of 
reproduction. Not only are the eggs hatched within the body 
of the parent, but the Larvse are retained there until they have 
been transformed into Pupa, in which state they come forth to 
the world. Hence this section has received the name of Pupi- 
PARA. It contains two families, all the species of which are 
parasitic. The Hippoboscid^, sometimes called Forest Fliet, 
are of small size, covered with bristles, and frequently destitute 
of wings. They are known by the French under the name of 
Spider-Flies. They reside upon quadrupeds and birds, running 
with great agility, and often sideways, burying themsehea 
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ainoDgst the hair or feathers. That which is parasitic on Sheep 
is known as the Tick. One minute species infests the Hive- Bee; 
and this is remarkahle, not only for being destitute of wings, but 
of eyes also. In the other family, that of NYCTERiBiiDiS, the 
general form still more nearly approaches that of Spiders. The 
group contains but a small number of species, all of which are 
parasitic upon Bats, and are termed Bat-Lice. 

726. The remaining Diptera, constitutiug by far the larger 
proportion of the class, may be subdivided into four sections. 
In the first, Nemocera, the antennsB are composed of six joints ; 
whilst in all the remainder, the antennas are short, not having 
more than three distinct joints. In the second, Notagantha, 
the last division of the antenne is really composed of two ; the 
proboscis does not project much from the mouth, and is furnished 
with only two lancets. In the third, Tanystoma, the antennas 
have really only three joints, the last being usually terminated 
by a seta or bristle. And in the fourth, Athericera, the 
antennas are only two- or three-jointed, and the proboscis is 
capable of being withdrawn into the mouth. 

727. Section I. Nemocera. To this division belong the two 
families of Culicidje and Tipulid^ ; the former known as the 





Fio. 423.— CuLBz PIPIBN8, female* natural size and magnified, with head of male. 

Gnat tribe, the latter as the Harry Long-legs. Both are 
remarkable for their beautifully-tufted antennae ; but the former 
are distinguished by the length of the proboscis. Gnats are 
well known to abound chiefly in damp situations ; the reason 
being, that their larvas are inhabitants of the water. In this 
state they are very active, swimming with great agility, and 
often descending ; but coming to the surface to breathe, which 
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they do head downwards, the respiratory orifice heing at the end 
of a yery prolonged spiracle arising from the end of the abdomen. 
When the final transformation occurs, the skin of the pnpa, 
which is being cast off, serves as a kind of raft, which prevents 
the perfect insect from being immersed in water, and thns wetting 
its wings. The MoiqttUoes, which infest many conntries, espe- 
cially in warm latitudes, or during the brief but hot summers of 
some colder ones, differ but little from the common GKiats. They 
sometimes appear in such swarms, especially in marshy districts, 
that they can be only kept off by fire. Their rapid multiplica- 
tion is easily understood, when it is known that their whole 
series of metamorphoses only occupies three or four weeks in 
summer, so that there may be several generations produced in 
the course of one season ; and that each female lays several 
hundred eggs. — The Tipulid^ also have feathered antennsd, but 
their proboscis is very short. Some of them very strongly 

resemble Gnats, both in the 
larva and perfect states; 
such are the Midget^ of 
which one species is repre- 
sented in Fig. 424. In 
another group, there is a 
strong resemblance to the 
Cynipidas, or Gall-flies; 
both in their minute size, 
veinless wings, and mode 
of life. Their larvsB are 
terrestrial, and are very 
commonly developed within a sort of godl^ produced by the punc- 
ture made by the parent in the tissues of plants, when depositing 
its eggs. Some species make their puncture in the young sprigs, 
others in the leaves, and others in the flowers ; and there are 
several which are extremely injurious both to the Gardener and 
the Agriculturist. Thus the "Wheat crops of this country are often 
seriously injured by the Ceeidomyia Tritici ; the eggs of which 
are deposited by the female in the centre of the corolla, where the 
larv8B are hatched ; and it is probably by devouring the pollen, 
that they are most injurious to the plant. Another species. 




Fio. 424.— Chironomits, with its Pupa and 
Larva, magnified. 
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C. destructor^ is known in America under the name of the Hessian 
Fly ; this attacks the lower part of the stem of the wheat. The 




Fio.425.— CficiDOMYiA Destructor* andC. Tritici, with the Larvae 
of the latter feeding in wheat flowers, magnified. 

proper Tiptdce^ or Harry Long-legs^ are the largest species of 
the family. Their larvas generally live in the earth, in the rotten 
parts of trees, &c., and many of them do great mischief by feed- 
ing upon the roots of grass and com. 

728. Section II. Notacantha. The second Section of the 
Diptera contains three families, Stratiomida, Berid^, and 
CoRNOMYiDiE, which do not attract much attention, although 
some of the species contained in them are very abundant. They 
are mostly small but gaily-coloured insects ; and are most nume- 
rous in moist situations, in which the larvae are generally pro- 
duced. Some of the larvae, as that of Stratiomys Chanueleon 
(Fig. 422), are completely aquatic ; and respire, like the larvae 
of the Gnats, by extending their tails to the surface, the spiracle 
or breathing-pore being in that situation. They mostly feed 
upon vegetable, rather than upon animal, juices. 

729. Section III. Tanystoma. The insects composing the 
third section have usually a more perfect mouth, than those of the 
other divisions ; and they are also remarkable for the structure 
of the head of the larvae, which possess two claw-like appen- 
dages, by which they attach themselves to the substances that 
afford them support. Many of the perfect insects are eminently 
carnivorous or insectivorous; as are also some of the larvae. 
There is a genuine metamorphosis in this group ; the larva-skin 
being cast off at the entrance of the animals into the pupa-state. 
In this state they. much resemble the perfect insect; the limbs 
being inclosed in distinct sheaths, and folded on the breast. 
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The perfect Insect escapes from the pupa-state by means of a 
slit along the back. To this group belongs the family Tabanidjb, 

or Gad-fly tribe; which com- 
prises some of the largest Di- 
pterous insects, and which is 
pre-eminently distinguished for 
the tormenting powers which 
di£ferent species possess. They 
pierce the skins and suck the 
,, _ „ _ blood of various Quadrupeds, 

Fio. 426 — Tabanus Bovinus. ., 

both wild and domesticated; 
and do not spare Man himself. They chiefly abound in woods 
and pastures ; and the buzzing noise which they make, has 
obtained for them the designation of '^ the. breeze." The insect 
of which Bruce has spoken, in his Travels in Africa, under the 
name of Zimh, is probably a species of this family. He describes 
it as attacking cattle in so dreadful a manner, that, unless imme- 
diately driven to the sands, they forsake their food, and run 
wildly about the plains, dreading even its very sound, until they 
die, worn out with fatigue, fright, and hunger. The Camel, and 
oven the thick-skinned Elephant and Rhinoceros, are said to be 
subject to this enemy. 

730. The family BoMBYUiDiB are distinguished by their 
very long proboscis, with which they suck the nectar from 
:flowers. They fly with great 
rapidity, and hover over 
flowers without settling ; 
making at the same time a 
loud buzzing noise with their 
wings. Some of them have 
« remarkably Bee-like form. 
The family Anthracid^, 
which is nearly related to 
the preceding, is chiefly 
composed of exotic species, 
which are generally large or ^'°' 427.-bombylius. 

of moderate size, often covered with hair, and beautifully coloured. 
They fly in the sunshine with great agility; and subsist, like 
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the preceding, upon the juices of flowers. In general the pro- 
boscis is comparatively short ; but in a few instances, as in the 
Nemestrina lonffirostrisj it is of extraordinary length (Fig. 321). 
This section also contains several other families of less interest 
and importance ; among them we may mention the AsiLiDiBy 
which live by rapine, seizing Flies^ Tipulas, Humble-Bees, and 
even Wasps, and sucking their juices. 

731. Section lY. Athericera. The Dipterous insects of 
the fourth tribe are principally vegetable-feeders in their perfect 
state, only a few being carnivorous or insectivorous; but their 
larv89 are generally extremely voracious^ and will devour almost 
any kind of soft animal matter. This section includes the Flieg 
strictly so called, the Bothies, and many other tribes. — The first 
family, that of Syrphidjs, bears an extremely close resemblance 
to the Humble-Bees and Wasps, in the nests of which some 
species among them deposit their eggs ; this resemblance is evi- 
dent in the accompany- 
ing figure, which repre- 
sents the Eristaliif^ or 
Drone-fly (a), and the 
Anthophora rettua, or 
Spring Wild-Bee (b), 
two insects which di£fer 
„ ^ entirely in their habits. 

Fig. 428,— -Dbonb-Fly AND Spring Wild-Bkb, .1 ^ « . , 

•; — ^the former being the 
very personification of luxurious idleness, doing nothing but sip 
the nectar from the brightest flowers and bask in the sunshine 
on the leaves, — whilst the latter toils all day long, either in the 
construction of the nest, or in provisioning it with pollen paste. 
The wisdom of the Creator has provided the insects of the former 
group, as a check upon the too great increase of the latter ; for 
the larv89 of the SyrphidsB, when hatched in the nests of the 
Bees, destroy their larvae, and live at their expense. Some 
species restrain, in a similar manner, the excessive multiplication 
of the Aphides. The perfect insects feed almost solely upon 
flowers, preferring those of the Compositaa ; and they delight to 
hover immoveably over certain spots, to which they will return^ 
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if disturbed, a considerable number of times. Above a hundred 
species inhabit Britain. In a few of them the larvae are aquatic, 
and the posterior part of the body is prolonged into a respiratory 
tube, whence they have received the name of '^ rat-tailed" larv89. 
732. The form and habits of the family Muscidje, or Fly 
tribe^ are generally known. The family is an extremely nume- 
rous one, above 1700 species having been recorded as existing in 
Europe, of which about half are natives of this country ; and 
there are probably at least as many more, which have not been 
described. The strong general resemblance which exists among 
all the species, together with their small size, makes it difficult 
to discriminate them readily. The larvas of these insects, com- 
monly known as maggoU^ are soft^ worm-like, footless grubs, 
possessing on the head a couple of retractile hooks, by which 
they can cling to the substances on which they feed. They 
devour various substances, both animal and vegetable, living, 
recently dead, or far advanced in putrefaction. The eggs are 
deposited by the female (as in other instances) in the neighbour- 
hood, or in the very substance, of the food which is adapted for 
the support of the larva, however little this may be to its own 
liking. Some of these larvas are remarkable for their leaping 
powers, — whence they are commonly termed " hoppers." This 

is especially the case 
with the larva of 
the Piophila casea, 
or Cheese-hopper ; 
whose mode of 
springing into the 
air is very curious. 
When preparing to 
leap, it first raises 
itself on its tail; 
in which position it is enabled to balance itself, by means of 
some prominent tubercles on the last segment of the body. It 
then bends itself into a circle ; and having brought the head 
towards the tidl, it stretches out the two hooks of the mouth, 
fixing them into two cavities at the other extremity of the body. 




Fig. 429.— 1. The Chbesb.hoppkr preparing to spring.— 
2. Natural size of the Larva.-^ 4. The Fly to whieh 
it is transformed : natural size and magnified. 
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It then contracts the body from a circular to an oblong figure ; 
the contraction extending in a manner to eyery part of the body. 
It now suddenly lets go its hold, and straightens the body, with 
such violence, that the noise produced by its hooks is yery 
perceptible. The height of the leap is often from twenty to 
thirty times the length of the body ; exhibiting an energy of 
motion, which is particularly remarkable in the soft Larya of an 
Insect. A Viper, if endowed with similar powers, would throw 
itself nearly a hundred feet from the ground. The learned 
Swammerdam, who deyoted much attention to the anatomy and 
habits of this creature^ observes — ^' Now let the sharpest geniuses, 
and men of the greatest penetration and learning, judge if a 
creature, on the fabric of which there plainly appears so much 
art, order, contrivance, and wisdom, nay, in which is seen the 
hand itself of the Omniscient God, could possibly be the pro* 
duction of chance or rottenness." This observation refers to the* 
idea formerly entertained almost universally, that the Maggots, 
which make their appearance in the midst of decomposing 
matter, are the results or products of that decomposition. Ex- 
periments devised for the purpose, however, have clearly shown, 
that there is here no exception to the general rule ; for that, if 
the parent Insects be carefully excluded, no maggots will make 
their appearance in a decomposing mass of any description. — 
Of the voracity of the larvae, and the rapidity with which they 
undergo their transformations and propagate their kind, some 
idea may be formed from the estimate of Linnaeus,'^that three 
Flesh-flies and their progeny would devour the carcass of a dead 
Horse more speedily than a Lion would do. If this estimate is 
at all exaggerated, it is probably not much so. Hence we see 
the vast importance of these Insects in the economy of Nature ; 
for they are called into existence just in proportion to the 
demand for them, — ^the eggs of the parent not being developed, 
unless they are deposited in a fit situation, so that the number 
of individuals will not be increased unless there is matter for 
them to feed on, — whilst, on the other hand, the rapidity of the 
growth and metamorphoses of these Insects is greatly increased, 
by the warmth that promotes the decomposition of the sub- 
stances, which they are destined to remove. 




204 CESTRIDiE, OB BOT-FLIES. 

733. The (Estridje, or Bot-flies^ are a family very remark- 
able in regard to their structure and habits. The perfect insects 
resemble large Meat-flies in form, are very hairy, and have these 
hairs coloured in rings, like Humble Bees ; but they are seldom 
seen, the duration of their lives being very short in this condition. 
Their chief peculiarity consists in the 
absence of any proper mouth in the 
Imago (in which respect there is an 
analogy with the Strepsiptera, § 71^)9 
and in the peculiar habitation of the 
Larva. This is always found in 
living animals, — its situation, how- 
Fio. 43a-(E8TRU8 AND larta. ^^^^^ y^xjmg with the species; and 
almost every herbivorous animal having one or more peculiar 
to it. The egg is, in some cases, deposited by the parent in 
situations where the larva may burrow into the flesh ; there 
it occasions inflammatory tumors, the fluids contained in which 
a£ford it nourishment. These have an evident analogy, there- 
fore, to the CynipidsB, which produce Vegetable galls. In other 
instances, the eggs or larvae, existing upon spots which the animal 
is in the habit of licking, are conveyed by the tongue into the 
mouth, whence they pass into the stomach. There they remain 
until full-grown ; and then they quit the body (as do also those 
which inhabit the flesh), and fall to the ground, beneath the sur- 
face of which they undergo their transformations. The larvs 
of one species, which inhabits the Sheep, are found in the frontal 
sinuses of the skull. Man is subject to the attacks of one or 
more species ; which do not, however, inhabit this country. 
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Division II.— APTEROUS INSECTS. 

734. Besides the foregoing Orders, we must include three 
others in the Class of Insects, on account of their correspondence 
with it in general structure ; although they present only one, or 
even neither, of the two characters which have heen stated to be 
its peculiar distinctions, — namely, the presence of wings in the 
perfect state, — and the metamorphosis. 



Order IX.— APHANIPTERA. 

735. Op the three Apterous orders, this one undoubtedly 
approaches nearest to the true Insects ; for we find in it a 
metamorphosis, and even rudiments of wings ; whilst the struc- 
ture of the mouth most nearly approaches that of the Diptera. 
The Fleas and their allies, 
which constitute this order, 
resemble the Diptera also in 
their suctorial habits ; and 
feed exclusively upon animal 
juices. Their larvse come 
forth from the egg in the state 
of minute worms, possessing 
considerable activity, and pio. 431.— Thb plka. (Ptdex frr<ton#.) 
feeding upon animal matter, 

in the midst of which the eggs were deposited by the parent. 
They afterwards enclose themselves in a small cocoon of silk, 
which is often covered with dust ; and in this they undergo their 
change into the Pupa state. In the Imago, the rudiments of 
wings are visible, in the form of little scales, attached to the 
second and third segments of the body ; there is, however, no 
proper distinction of thorax and abdomen. — The Common Flea 
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is known to every one. There is a very curioas species, of more 
minute size^ in the West Indies; which is commonly known 
under the name of Chigoe or Jigger, This burrows beneath the 
skin of the foot, and soon acquires the size of a pea, by the 
enormous growth of the abdomen when distended with eggs. 
If these eggs remain to be hatched beneath the skin, great irrita- 
tion, and even very troublesome sores, are sure to result ; and it is 
consequently necessary to extract the insect entire, with great 
care, as soon as the indication of its presence is given by a slight 
itching or tingling. 



Order X.— ANOPLURA. 

736. The Insects of this Order, — the Louse and its allies,— 
are regarded with the greatest disgust by the common consent of 
civilized Man ; because their presence on the body is usually an 
indication of a gross want of cleanliness of habit. Most of the 
lower animals, however, are infested with one or more species ; 
from the attacks of which they are not able to defend themselves ; 
and Man is subject to a peculiar disease, which seems much to 
favour their production. They undergo no metamorphosis ; and 
their generations succeed 
each other very rapidly. 
They are destitute of the 
true compound eyes ; but 
have one or two minute 
ocelli on each side of the 
head. The legs are short, 
and terminated by a strong 
nail, or by two opposing 
hooks ; whereby these ani- 
mals can easily fasten 
themselves to the hairs of 
quadrupeds, or the feathers of birds; of which animals they 
suck the blood, and upon the bodies of which they pass their 
lives; attaching their eggs, too, upon these cutaneous appendages. 




Fio. 432.— a, Thb Common Lousb; h, : 
fied ; c, one of the legs magnified ; d, ^cgs; 
«« ditto magnified. 
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The number of species is very considerable ; for it would appear 
that almost every quadruped and bird has a kind almost peculiar 
to itself, — ^the same Louse not being found upon different animals, 
except upon such as have analogous characters and habits; 
whilst one animal frequently supports two or more species of 
these parasites. 



Order XI.— THYSANOURA. 

737. In the Insects of this Order, — which resembles the 
preceding in neither having wings, nor undergoing metamor- 
phosis, — there is a remarkable diversity uf structure, especially 
in regard to the mouth. Some of them possess as cpraplex a 
buccal apparatus as the Mandibulate Insects ; whilst in others 
there is scarcely a perceptible opening. The same is the case 
with regard to the eyes; these organs 
being fully developed in some, and almost 
rudimentary in others. — The Order 
contains two families. In the first, the 
LspiSMiDiB, the abdomen is furnished 
on each side with a row of moveable 
appendages, like false legs ; and is termi- 
nated by long pointed bristles, of which 
three are usually most remarkable. — 
The MachUis has long antennaB, consist- 
ing of a great number of joints ; its palpi 
also are very large; and its eyes are 
composed of numerous facets, and occupy 
nearly the whole head. It frequents 
stony places, and leaps well with the aid 
of the appendages to the tail. The 
Lepisma^ — of which one species is known 
under the name of the Stigar Louse^ from 
its aspect and habits, — has the eyes very 
small, composed of few facets, and wide 
apart ; its body is flat, and is terminated 
by three threads of equal length, not fitted to assist in leaping. 




Fio: 433.— Machilis. 
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— ^In the PoDURiDiE, the appendages to the sides of the abdomen 
are wanting ; but the extremity of it is prolonged into a forked 
tail, by which these insects can execute very surprising leaps. 

This, when not in action, is bent 
forwards beneath the abdomen ; 
and it is by the sudden ex- 
tension of it, that the leap is 
produced. From this con- 
formation, the Foduras are 
commonly known under the 
name of Spring -taiU. Thd 
scales with which their bodies are covered, are objects of 
great interest to the Microscopist ; for they have a most 
elaborate and minute structure, which can only be made out by 
instruments of the best quality ; hence they are very valuable 
te9t objects. 




FlO. 434.— PODORA. 



CHAPTER IX. 



OP THE GLASS OP ARACHNIDA. 

738. This class is composed of Articulated animals, which 
have a great analogy with Insects, 
and which are equally fitted to live in 
the ur ; hut which are distinguished 
from them at the first glance, hy 
the general form of the body, and by 
the number of limbs; and which 
differ also from those animals, in 
several important particulars of their 
internal structure. All the Arach- 
nida have the head united with the 
thorax, and are destitute of antennae ; 
they have four pairs of legs and no 
wings; most of them breathe by 
means of air-sacs, instead of by pro- 
longed tracheoa; and nearly all of 
them have a ^complete circulating 
apparatus. 

739. The tegumentary skeleton of Arachnida is generally 
less firm than that of Insects ; and their body is composed of two 
principal parts, nearly always distinct : — one called the cephalo- 
thorcup, because it is formed by the head and the thorax united 
into a single mass ; — the other termed the ahdomeny and com- 
posed sometimes of a series of distinct rings (such as we see in 
the Scorpions — Fig. 447), and sometimes of a soft globular mass, 
without any evident divisions (as is the case among the ordinary 
Spiders— Fig. 442). 

740. The organs of locomotion are all fixed to the cephalo- 
tborax, and consist of eight legs, very similar to those of Insects, 
and nearly always terminated by two hooks. In general their* 




Fio. 436.— Myoalr/ 
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ORGANS OF SENSE IN ARACHNIDA. 



length IS considerable and they easily break ; but, as amongst the 
Crustacea, the stump, after being healed, produces a new limb ; 
which grows by degrees, and becomes similar to the one of which 
the animal had been deprived. The Arachnida never present 
any vestige of wings : and their abdomen is always entirely 
destitute of locomotive appendages. 

741. Upon the anterior portion of the cephalo-thorax, we 
find the mouth and eyes. These last organs are always simple, 
and of considerable number. We may generally 
count eight, and in each of them may be distin- 
guished a transparent cornea, behind which is found 
a crystalline lens, and a vitreous humour ; then a 
retina formed by the termination of an optic 
nerve, and an envelope of colouring matter. — 
Nothing is known regarding the instruments by which the 
sense of hearmg operates in the Arachnida; but there are 
numerous proofs of the existence of such a faculty amongst 
these animals ; and it would even appear that certain of them 
are sensible to the charms of Music. — The sense of touch is 
Bxercised principally at the extremities of the legs, and by the 
appendages with which the mouth is furnished. 




Fio. 430. 




Fio. 437.— SiiCTioif o' thsCbphalo-thorax op a Mtoalc, showing the amngement of the 
nervous sytem : et, oephalolhovax ; m, masdiUe ; ff, moTeable hook whioh terminates 
it ; b, mouth ; a, (esophagus ; e, stomach ; aft, origin of abdomen ; c, cephalic ganglion ; 
t, ganglionic mass of the thorax ; ea, cords which unite it to the abdominal ganglia ; 
no, optio nerve j y, qre» 



742. The nervous system of the Arachnida presents very 
great differences; sometimes (amongst the Scorpions for ex- 
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ample) it is composed of a series of eight ganglionic masses, 
united together by doable cords of communication, and forming a 
chain extended from one end of the body to the other, in nearly a 
uniform manner ; in other instances (as amongst the Spiders, &c.) 
we find all the ganglia of the thorax united into a single mass 
(t^ Figs. 437 and 439), whence two cords proceed backwards, 
which go to a single abdominal ganglion. In other respects, 
the general arrangement of these parts is always the same. 
The anterior ganglia, situated before or above the cesophagus, 
and most commonly considered as representing the brain of these 
animals, give origin to the optic nerve in front, and are con- 
tinuous behind with the collar of nerves surrounding the oesopha- 
gus ; the other ganglia are situated below the alimentary tube, and 
send nerves to the limbs, to the appendages of the abdomen, &c. 

743. The Arachnida are carnivorous, but in general confine 
themselves to sucking the juices contained in the bodies of their 
victims ; and in order to enable them more easily to efifect the 
capture of animals of whose strength they would be afraid. 
Nature has endowed many of them with a poisonous apparatus. 
The greater part are supported on Insects, which they seize whilst 
alive ; some of them, however, live as parasites. Among the 
first, the mouth is supplied with a pair of mandibles, furnished 
with moveable hooks, or formed like a pair of pincers, — with a 
pair of thin or lamellated maxillsd, each bearing a large feeler 
more or less resembling a leg, — and with a lower lip. Amongst 
the parasitical Arachnida, the mouth has p ^^ ^^ 

the form of a small trunk, from which ./Z_^ i^^k 

there issues a kind of lancet formed by l\ f"^^ 1} 

the maxillae. Vv ll?W^ // 

744. The moveable hook of the "^ ^(^Qf^_ , 
mandibles has a small opening near its ' - :^ 
extremity, which is the orifice of the ^*,*1;-!rf^^''^7^ 
excretory canal of the poison-gland al- labrum; ma, maxiii«; p, 

:i x- J JxL T -J u- u maxillary palpi ; m, man- • 

ready mentioned ; and the liquid, which dibies ; g, hook terminating 
it pours into the bottom of the wounds *»*« mandiWea. 
made with the mandibles, almost immediately causes the destruc- 
tion of the animal attacked ; but it is too weak to injure Man. 

p2 
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745. Certain of the Arachnida are provided iivith another 
poison apparatus, destined for the same use, and serving equally 
as a weapon of defence : such is the hook hy which the ahdomen 
of Scorpions is terminated (Fig. 449). This sting has beneath 
its point several openings, which communicate with a poison- 
gland ; and the sting of these Arachnida often proves mortal, 
even to animals as large as Dogs. The large Scorpions of warm 
countries are fatal even to Man, but the sting of the species 
which inhabit Europe never appears to be mortal ; there usually 
results from it a local inflammation more or less violent, accom- 
panied by lever and depression, and sometimes hy vomiting, 
pains in the whole body, and trembling. To overcome these 
attacks, physicians advise the use of ammonia (or spirit of harts- 
horn), administered internally as well as externally ; and the 
application of emollient substances to the wound.' 

746. The intestinal canal is generally very simple ; but has 
sometimes cascal appendages, which penetrate even into the 
interior of the limbs. In general, tubes analogous to the biliary 



po ab po s 




Fio. 438.— Anatomy of Myoalb : et, ceplialothorax opened below, and giving atteoh- 
ment to the limbs, whose first Joints are exhibited ; pa, legs of the 1st pair ; p. palpi ; 
m, mandibles ; oft, abdomen ; (, thoracic nerrous mass ; a, abdominal ganglia ; po, 
nspiratory sacs ; t» stigmata ; I, leaf-like folds in the interior of one of these laid 
open ; ov, ovaria ; or, orifice of oviducts ; mot muscles of the abdomen ; an, anna ; 
. /, spinnerets. 



vessels of insects open into the intestine near the anns; but 
amongst some of the Arachnida, such as the Scorpions, there 
exists a liver composed of four glandular clusters. It is also in 
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the neighbourhood of the aual openings that we find the secret- 
ing glands of the silky matter; and also the spinnerets, by 
whose aid several of the Arachnida weave for themselves webs, 
which are often very extensive and of extreme delicacy. 

747. The respiration of the Arachnida js aerial, like that of In* 
sects, and is sometimes effected by means of trachece ; bat among 
the greater part of these animals, and especially amongst the 
Spiders and Scorpions^ it is concentrated in certain vesicles lodged* 
in the abdomen, and called pulmonary sacs. These last organ» 
have in their interior a multitude of membranous plates, arranged 
like the leaves of a book : and they thus bear a stronger resem-- 
blance to internal gills^ than to true lungs. Each sac receives the 
air by an opening situated on the lower side of the abdomen ; asid> 
there are sometimes two, sometimes four, or even eight of these^ 
stigmata. Certain Arachnida possess at the same time both pul- 
monary sacs and trachece; the SegettricB are thus formed. 
Others, such as the Psendo-Scorpioru and Mite»y are provided 
with tracheae only. These tubes have the 
same structure as in Insects ; and the air 
penetrates to them by two very small 
stigmata, situated on the lower side of the 
abdomen. 

748. The blood is white among all the 
animals of this class. The pulmonary 
Arachnida are furnished with a complete 
circulating apparatus. The heart, situated 
on the back, has the form of a long vessel, 
and gives origin to different arteries ; the 
blood after having traversed the body is 
returned to the pulmonary sacs, and arrives fw.44o.--.Hbabtof aSwdbr : 

* '' ^ , a, border of the abdomen ; 

at the heart after following a course similar 

to that which it traverses in the Crustacea 

(Anim. Physiol. § 292). Amongst the 

Arachnida whose respiration is effected only by the aid of tracheae, 

the apparatus for circulation is but little developed ; there appears 

to be only a simple dorsal vessel, without arteries or veins. 

749. The Arachnida lay eggs like Insects; and the male 
differs in general from the female in the form of its maxillary 




heart ; ar, large artery, 
proceeding from its ante* 
rior extremity; v, ptUmo- 
nary yeeeels. 
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palpi, whose use appears to be Yery important ; a great number 
of these animals envelop their eggs in a cocoon of silk ; and 
sometimes the mother remains with her young family to protect 
it, and even carries the young ones on her back when they are 
too weak to walk. All these animals undergo severnl changes 
before they arrive at adult age ; and certain of them experience 
a species of metamorphosis, for there are some, whose limbs 
consist at first of only three pair, and which acquire a fourth at 
a period more or less advanced. 

~ 750. The Arachnida are endowed with varied instincts, which 
are sometimes not less remarkable than those of Insects; and we are 
perhaps even to attribute to them higherfaculties; for some animals 
of this class are capable of undergoing a kind of education, and 
give evidences of a certain degree of Intelligence. Several of them 
use particular stratagems to carry off their prey ; and others 
display singular industry in the construction of their habitations. 
We have elsewhere had occasion to speak of the remarkable nest 
of the Mygale ( Anim. Phtsiol. § 700) ; and the webs which our 
garden Spiders spread with such admirable regtdarity, are 
equally curious. The silk with which these animals thus con* 
struct retreats for themselves, spread snares for their prey, and 
form cocoons for their egg^^ is secreted by an apparatus situated 
in the posterior^ part, of the abdomen. This apparatus consists 

of several bundles of vessels, twisted 
together, and terminating in minute 
apertures, which are pierced at the 
summit of four or six conical or 
cylindrical projections, called spin* 
nereUy and situated at the end of 
the tail. The gluey matter thrown 
out through these pores, acquires 
consistency by its contact with the 
air, and consists of threads of an 
extreme fineness, and a length not 
Fig. 441.— Nbst of mygalc. less remarkable ; by the help of its 

feet, the animal collects a number of 
these threads into a single cord ; and each time that, in balancing 
itself, the spinnerets touch the body upon which it rests, it there 
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fastens the end of one of these threads, of which the opposite ex- 
tremity is still inclosed in the secreting apparatus, and of which it 
can consequently increase the length at pleasure. The colour and 
thickness of these threads yary greatly ; a Mexican Spider forms 
a weh composed of red, yellow, and black threads interwoven 
with astonishing skill ; and it has been calculated that ten thou- 
sand threads from the pores of a single spinneret of some of our 
common Spiders do not equal in thickness one of our own hairs ; 
whilst among other species inhabiting warmer climates, they form 
such strong webs, that they are sufficient to stop small birds, and 
even Man has to use some effort to break them. The manner 
in which Spiders employ their skill in working, is subject to no 
less yariation ; some of them are satisfied with spreading their 
threads irregularly ; others weave a web« whose meshes are of 
extreme regularity. Sometimes we see them motionless in the 
middle of their web, watching for their prey ; at other times 
they conceal themselves in a retreat, which they construct very 
near, and which has in some instances the form of a silky tube, 
in others that of a small cup. 

751. The Abachnida are divided into two orders, according 
to the structure of the organs of respiration and circulation. 

I. The Pulmonary Arachnida ; which are principally charac- 
terised by the existence of pulmonary cavities, and by a vascular 
apparatus ; but we may also recognise them by other peculiari- 
ties of structure ; thus the number of their eyes is six, eight, or 
even still greater, and we also find two, four, or eight stigmata 
on the under part of the abdopien. The general form of these 
animals varies ; some, as the Spiders, have a globular body, with 
spinnerets at its extremity, and the palpi small ; — ^whibt in other 
instances, as the Scorpions, the body is lengthened, and composed 
of several rings, the palpi large, extended like arms, and armed 
with pincers; and the abdomen is not terminated by spinne- 
rets, but usually by the poisonous apparatus. 

II. The Trackeaty Arachnida; which have no pulmonary sacs, 
but breathe by trache® like Insects, and appear to have no com- 
plete vascular apparatus for the circulation of the blood. Some of 
them have no eyes; and amongst those which possess .these organs, 
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we neyer find more than two or four. Some of these animab, 
known under the name of FaUe- Scorpions^ very much resemble 
Spiders, and are remarkable for the length of their limbs ; others 
have the mouth formed for sacking, and constitute the family of 
AcaridcBy or Mites. 



Order I.— PULMONARIA. 

752. By the characters just now stated, this order may be 
divided into two sections ; — ^the Araneida, or Spiders^ having 
small foot-like palpi, not terminating in pincers; and the 
Pedipalpi, or ScorpwM and their allies, having very large palpi, 
which terminate in pincers or large hooks. 

753. Section I. Araneida. The Arachnida of this groap 
all agree, more or less closely, with the common Spider, in their 
form and structure. Their cephalothorax appears as if composed 
of but a single segment, and is covered with a sort of homy 
buckler, usually of oval form ; the abdomen is appended to it by 
a very short footstalk, and usually consists of a soft and tumid 
mass. The eyes are nearly always eight in number ; although 
there are sometimes but six. The mandibles terminate in a very 
sharp moveable hook, which is pierced near its extremity by a 
small aperture, serving as a passage for the poison secreted by a 
gland lodged in the preceding joint. The legs are inserted 
almost in a circular manner around the cephalothorax (Fig. 439); 
they are all of nearly the same form ; and each of them is com- 
posed of seven joints, the last being armed with two hooks, 
which are commonly toothed like a comb. The pulmonary sacs 
in this order -are only two in number^ or may even be reduced to 
a single one ; they are placed near the base of the abdomen, and 
their position is indicated externally by a brownish t)r whitish 
spot. All the members of this section are provided with spin- 
nerets ; but it is only in a comparatively small number, that we 
find the power of constructing silken webs of any great extent. 
The Araneida aire divided by M.. Walcknaer, who has made 
this group his especial study, into families, according to the 
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arrangement of the mandibles and eyes, which corresponds Terjr 
remarkably with their respective modes of life. These families, 
and their principal subdivisions, are as follows : — 

Latbbricoub, hiding in holes and fissures.' 
TuBicoLs, inclosing themselves in silken tul>et. 
Cblluliooljb, Bheltering themselTes in small 

cells. 
CuRBOBEs, running swiftly to catch their prej. 
Saltatorks, leaping and springing with agility 

to seize their prey. 



I. Yenantbs, incessantly run- 
ning or leaping ahout the 
vicinity of their abode, to ^ 
chase and catch their prey. 



II. YAOAKTBS^wanderingabroady 
and incessantly looking out 
for prey. No fixed residence 
except at the period of ovi- 
position. 

III. Erjumtbs, prowling ahout 
the neighbourhood of their 
nests, or near the threads 
which they throw out to 
catch their prey. 



IV. SxDBNTBs, spinning laige 
webs to entrap their prey, ^ 
lying in wait in the middle 
or at the side. 



y. Natantks, swimming in^ 
water, and there spreading 
their filaments to entrap 
their prey. 



Latbrigiusji, walking and running sideways or 
backwards ; occasionally throwing out thriMds 
to entrap their prey. 

NiTioBLSB, going abroad, but making a web for 
their nests, whence issue threads to entrap 
their prey. 

FiLiTBLA, going abroad, hut spreading long 
threads of silk about the places where they 
prowl, in order to entrap their prey. 

Tapitbub, spinning great webs of a dose texture, 
and dwelling therein to catch their prey. 

Orbitbla, spreading abroad webs of a regular 
and open texture, either circular or spiral, and 
remaining in the middle or on one side to 
catch their prey. 

Rbtiteub, spinning webs of an open meshwork, 
and of an irregular form, and renuiining in the 
middle or on one side to seize their prey. 

Aqditbljc, spreading filaments in the water to 
entrap their prey. 



754. The first family, that of the Yenantes, or Hunttng- 
Spiders, may be naturally divided into two groups ; the first 
being more sedentary, and the second more active. At the 
head of the first group stands the tribe of LatebricoIlS, which 
consists of the genus Mygale (Fig. 435) and its allies ; these are 
the largest of the whole family, some of them occupying, in a 
state of repose, a circular space of six or seven inches in diameter. 
They form their nests in the slits of trees, beneath the bark, in 
the cavities of stones and rocks, or on the surface of the leaves 
of various trees. Some of them burrow deeply into the ground, 
choosbg dry shelving situations exposed to the sun, and con- 
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stracting subterranean cylindrical galleries^ often two feet deep, 
and so tortuous that it is difficult to follow them. These thej 
line with a silken tube, forming at its entrance a moveable lid, 
^ composed of silk and earth, attached to the silken lining by a 
sort of hinge ; and this is adapted, by its size, situation, and 
weight, to close the opening so precisely, as scarcely to allow its 
entrance to be distinguished from the neighbouring soil, — shutting 
of itself when the Spider enters its retreat or passes out of it. 
When an attempt is made to open it from without, the Mygale 
holds it down firmly with its hooked feet* The Mygale [spins 
a sort of cocoon around its eggs, enclosing a hundred or more ; 
they are hatched within it, and the young undergo their first 
changes before quitting it. The various species of this group 
are inhabitants of tropical and the warmer temperate climates ; 
it is only in the former, that we find those of largest size. — The 
TuBicoLJE and Cellulicoub are not sufficiently distinct from 
the preceding, to require particular notice. They are mostly of 
smaller size, and inhabit temperate climates, where they may be 
considered as representing the Mining Spiders. 

755, The tribes of Cursores, or Runners^ and Saltatores, 
or Leapera^ forming the second division of the Hunting-Spideis, 
are distinguished by the activity with which they pursue their 
prey. The former, which are sometimes called Wolf-Spiders, 
have the legs adapted for running, and live mostly upon the 
ground. Those of the genus Lycosvu dwell in holes which they 
have formed, lining their inside with silk, and increasing their 
size as they grow. Some of them take up their abode in holes of 
walls, where they make silken tubes ; the outside of which they 
cover with earth or sand, and in which they moult or hybemate, 
having first closed the entrance. The females also lay their 
eggs in these tubes ; inclosing them in a silken cocoon, or egg- 
case, which they carry about with them when they go out to 
hunt. The young ones fasten themselves, as soon as they are 
hatched, upon the body of their parent; and there remain 
attached, until they are sufficiently strong to seek their own 
food. These Spiders are very voracious, and defend their habita- 
tions and young with great courage. A species of this genus. 
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the TaremUula^ — so named from the city of Tarentura, in Italy, 
in the neighbourhood of which it is common, — is yery celebrated 
on account of its reputed venomous powers. Like all the 
Spiders, it has a poison-gland in its mandibles ; but the idea that 
its wounds are followed by death, or by a complaint termed 
Tarantism, which can only be cured by the aid of music and 
dancing, has originated in the imagination only. — Some species 
of the genus Dolomedes live upon the tops of trees, upon the 
leaves of which they make a funnelTshaped silken nest ; whilst 
others inhabit plants in the neighbourhood of water, on which 
they find their prey, — running upon its surface with surprising 
quickness, and even entering it without being wetted. — ^The 
Spiders of the tribe of Saltatores, or Leapers^ have, as might 
be anticipated from their name, the. legs fitted rather for leaping 
than for running. One of these is very common in summer upon 
walls and windows exposed to the sun ; and its habits may be 
watched with much interest. ■ It moves in short leaps, and stops 
suddenly at intervals, raising itself upon its legs, as if to survey 
the neighbourhood. When it discovers a fly, or especially a 
gnat, it approaches it cautiously until within leaping distance ; 
when it darts upon it, — ^not fearing to take even a perpendicular 
leap, because it always at the same time suspends itself by a 
thread, which it winds off as it advances. This thread abo 
serves to suspend it in the air, and enables it to mount up again 
to the spot from which it leaped, or to sustain it whilst the wind 
carries it from place to place. Many species of this group 
construct, amongst leaves, under stones, &c., silken nests, in the 
form of oval sacs, open at each end ; into which they retire in 
order* to take rest, to moult, and to take refrige against the 
inclemency of the weather. If menaced with danger, they 
quit these retreats, and run off very rapidly. Some species 
construct, with the same material, a kind of tent, which serves 
as the birthplace of their posterity, and in which the young 
reside for some time with their parent. 

756. The family Vagantes, or Wandering Spidersy consists 
of the single tribe Laterigrada ; the name of which (meaning 
Side- Walkers) expresses the curious power which they possess. 
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of moving sidewap. They conduct us towards the web-spin- 
ning Spiders, in using their silken threads, not only for the 
construction of habitations for themselves or of envelopes for 
their eggs, but also for the purpose of entrapping prey* The 
threads, however, are not arranged with any regularity, but are 
laid singly. These Spiders generally remain at rest, with the 
legs spread out, upon the leaves or stems of plants ; running, 
however, with great rapidity, in pursuit of their prey, when it 
comes within their reach. Others, however, live in rocky 
places ; and have the feet so formed, that they can adhere even 
to very smooth surfaces, in any position of their own bodies. 
They usually construct very elaborate cocoons for the protection 
of their eggs. Those which live among plants affix the cocoons 
to the leaves, and draw together their edges so as to conceal 
them. Those, on the other hand, which live upon rocks, usually 
conceal the cocoon within their own dwelling-place ; which is 
an oval conical tent, something like a Limpet in form, attached 
at its base to the rock, but having an aperture at each end, 
furnished with a kind of valve through which the animals go in 
and out. The outer covering of this tent is composed of a sort 
of yellowish taffety, thin (like the skin of an onion), but resist- 
ing ; whilst the inner covering is soft and pliant. 

757. The Spiders of the family Errantes, or Prowlers, are 
divided into two groups, chiefly according to the situation in 
which they throw out the silken lines for the entanglement of 
their prey. The first tribe, that of Nitidbl^ contains species 
that only prolong these threads from their nests, which are 
formed under stones in holes of walls, the hollows of leaves, and 
similar situations. These species much resemble those of the 
last tribe in their habits ; but differ in many points of structure. 
— In the second tribe, the Eiliteljb, the threads are spread 
about the places, in which these Spiders prowl in pursuit of their 
prey. Among these, the ClothOy which inhabits Egjrpt and the 
South of Europe, is remarkable for the curious habitation which 
it constructs for its yoiing. This is a kind of limpet-shaped 
cocoon, about an inch in diameter, of which the circumference 
has seven or eight festoons ; the points of these festoons beikig 
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ftlone fixed to the stone by means of threads, whilst the edges 
are left free. This singular tent is at first composed of only 
two folds, between which the Spider takes its station. But 
subsequently it adds additional folds ; and when the period of 
reproduction arrives, it weaves another apartment, of a softer 
texture, expressly for the reception of the sacs of eggs, and of 
the young when hatched. The inside of its habitation is 
singularly clean. The bags in which the eggs are placed, are 
about one-third of an inch in diameter ; and there are from four 
to six of them in each habitation. The eggs are not deposited 
until the end of December or January ; and they are enveloped 
in fine down, to guard them from the cold. The parent creeps 
in and out beneath the edges of the festoons ; and supplies her 
young with food, for some time after they are hatched. When 
they are ablQ to dispense with maternal cares, they quit their 
common habitation, and form separate abodes; and the parent 
dies within her tent. 

758. The last family, Sedemtes, or Sedentary Spiders^ contains 
all those species with which we are most familiar, from the annoy- 
ance they cause us by the constraction of their webs in our 
houses and gardens. — Of the first tribe, Tapiteub, — which con- 
struct a sort of tapestried web of close texture, within which they 
dwell and wait for their prey, — ^the common Hotue-spider is a 
characteristic example. (Fig 442). — ^The Spiders of the second 
tribe, Orbitel^, have the abdomen larger, softer, and more 
coloured than the preceding ; they make their webs with regular 
meshes ; arranged in concentric circles crossed by straight radii ; 
and they usually remain stationary in the centre, in a reversed 
position (Fig. 443). Many species, however, construct for 
themselves a cavity or cell, which is sometimes horizontal and 
sometimes perpendicular, near the edges of the net. Of this 
group, the genus Epeira is the principal; of which several 
species abound in our gardens, especially during the autumn. The 
eggs are deposited by the parent at the commencement of cold 
weather, in angles of the ceilings of rooms, passages, &c., near 
gardens; they are enveloped in a loose white web; and are 
hatched in the spring of the following yean Some species of 
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Epeira inhabit the neighbourhood of running streams, and feed 
upon aquatic insects. Another is remarkable as being nocturnal 




Fio. 442.— Tkoknaria oomsstica, or Housb^Sptdkr. 

in its habits. The natives of New Holland and the South Sea 
Islands, when in want of other food, are said to devour a species 

of Epeira. — The 
Retitela bear a 
close resemblance to 
the preceding, both 
in the aspect of their 
bodies, and in the 
construction of their 
webs ; but these are 
not formed on a 
regular plan, the 
Fio. 443.-.EPKI1IA diadkma. threads crossiog in 

all directions and 
leaving irregular raeshea. When their prey is entangled in 
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their web, they whirl threads around it, so as to secure it 
effectually. They take great pains in the 
preservation of their eggs, and do not leave 
them until they are hatched. In one 
common species which frequents our 
dwellings, the female gums her eggs into 
a rounded body, unprotected by a cocoon ; 
and this she bears about in her jaws. 
Other species live out of doors, and con- 
struct their webs among trees. To this 
group belongs the Mcdmignatte^ an inhabit- 
ant of Tuscany and Corsica; which is 
reputed to be very venomous. 

759. The last family of Araneida3, the Natantes, or Water- 
Spiders^ closely resembles the preceding in structure ; and should 
scarcely, perhaps, be separated from it. They live entirely 

upon or beneath the 
water ; and are ena- 
bled, by the hairi- 
ness of their bodies, 
especially on their 
under surface, to en- 
tangle and carry 
down with them a 
supply of air for 
their respiration. One very interesting species, the Argyroneta 
aquatica^ or Diving Spider, not only employs its silken threads 
to entangle its prey, but forms with it an oval bag, of such 
close texture that it is impervious to air or water; this is attached 
by threads to aquatic plants, at a considerable depth below the 
surface ; and its under side is open, like that of a Diving Bell ; 
so that the Spider can freely pass in and out. Here it retreats 
to devour its prey ; and here, too, it constructs its egg-case, and 
even passes the winter. The mode in which it fills this with air, 
when about to take up its residence in it, is very curious. The 
hairs upon its body entangle so large a quantity of air, as to 
render it quite buoyant ; in order to descend to its bell, there- 
fore, it is obliged to creep along the stems of aquatic plants; and 
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Yrhen it has arrived there, it gets beneath its lower edge, and 
allows the babbles of air which it had entangled to ascend into 
it. Then returning to the surface of the water, it brings down 
a fresh supply of air ; and in this manner it gradually fills the 
bell, which then presents a beautiful silvery or glistening appear- 
ance, when seen beneath the surface of the water. This process 
is strikingly analogous to that, which was first employed to 
renew the air in Diving Bells ; barrels of air being sent down by 
means of weights, and their air being allowed to pass into the 
bell, by means qf a flexible pipe, when they had been sunk to a 
lower level. 

760. Section II. Pedipalpi. This section is distinguished 
by the large size of the palpi, which resemble extended arms, 
and which are furnished at their extremities, either with moveable 
hooked claws, or with a pair of pincers, composed of two fingers, 
one fixed and the other moveable, like those of Crabs and 
Lobsters. The abdomen is composed of very distinct segments ; 
and is destitute of spinnerets at the tip* The entire body is 
encased in a hard skin. The cephalothorax is composed of a 
single piece, and is furnished with six or eight ocelli or eyelets. 
The number of pulmonary sacs is j^ur in one of the two families 
of which the section is composed, and ei^ht in the other. In the 
first of these families, Thblyphonidjs, the general form is that 
of the Spiders ; so that the species included in it are commonly 
ranked as such. They are, however, at 
once distinguished by the large size of the 
palpi, and by the absence of spinnerets. 
They differ from the Scorpions, on the 
other hand, in the form of the abdomen ; 
and in the absence of a sting at its extre- 
mity. The tarsi of the two foreJegs differ 
from the others in a remarkable degree ; 
beins composed of numerous joints, so 

Fio. 440.— Pbrtnus Rbw- _ f * _ _ ^ "^ ' - 

FORMTB, reduced. slender and prolonged as to resemble 

threads, and being destitute of the usual 

hook at its extremity. These Arachnida inhabit only the 

hottest parts of Asia and America ; very little is known of 

their habits. 
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761 . With the characters of the second family, Scorpionidjb, 
or the Scorpion trihe, we are much more familiar. It is espe* 
cially distinguished from the. preceding hy its eight breathing* 
pores ; but also by its long-jointed abdomen (the hinder part 
forming what is commonly called the tail), terminated by a 
venomons claw or sting* The abdomen is composed of twelve 
segments ; six of which are broad, forming the posterior part of 
the body, whilst the other six form the tail. Between the thorax 

and abdomen 
there is no dis- 
tinct division. 
In these par- 
ticulars, — the 
evidekit . divi- 
sion of the body 
into segments, 
the want of 
separation be- 
Pro. 447.— scoRPiow. tween the tho-» 

rax and abdo- 
men, the multiplication of the respiratory sacs, — as well as in 
others, the ScorpionidsB show an evident appiroach towards the 
Myriapoda. The Arachnida of this tribe inhabit the warm 
countries of both hemispheres, living on the ground, hiding 
themselves under stones or other bodies (generally in dark and 
cool places), and sometimes taking up their abode in the interior 
of houses. They run quickly, and curve the tail over the back. 
They can turn it in all directions, and employ it as a weapon of 
offence or of defence. Their usual food consists of Wood-lice and 
various Ground-Insects, such as Carabi, Weevils, Orthoptera,&c. ; 
these they seize with theur pincer-like palpi, and then prick them 
with their stings, so as to render them powerless before proceeding 
to devour them. They are also particularly fond of the eggs of 
Spiders and Insects. It is only in the larger species of Scorpion, 
which are five or six inches long, and inhabitants of tropical 
countries, that the poison is sufficiently powerful to do any 
serious mischief to Man ; and although the effects of the sting 
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of these are severe, they are seldom, if ever, fatal, except in 
persons previously unhealthy. It is not generally known, that a 
small species of Scorpion exists in our own country, as well as on 
the Continent of Europe; and this has afforded to European 
Naturalists an opportunity of watching its hahits. The female 
resemhles that of the Spiders in her attention to her young ; these 
she carries on her hack for several days, at first not quitting her 
abode ; and she afterwards takes care of them for the space of a 
month, by which time they are enabled to shift for themselves. 



Order II.— TRACHEARIA. 

762. The Arachnida of this order present a much stronger 
resemblance to the class of Insects, than do any of the preceding; 
for they are characterised not merely by the nature of their respi- 
ratory organs — which consist of ramified tracheal, instead of pulmo- 
niuy sacs — but also by the imperfect development of thedrculating 
apparatus, as well as by a certain degree of metamorphosis, 
which has been observed in several of them. They may be 
divided into three families, according to the form of the thorax 
and abdomen, — ^these chtou^ters being preferred, on account of 
their being more easily recognised, in the minute animals of 
which the group consists, than those founded on the stmoture of 
the mouth and the mode in which the food is obtained. These 
families are ; — I. The Pseudo-Scorpionidjb, or FdUd-SeorpunUy 
are so named £rom the strong resemblance which some of them 
bear to the preceding group ; these have the abdomen very dis- 
tinct from the thorax, and marked with rings ; and are famiahed 
with large palpi, which are either formed like feet (Fig. 448), or 
furnished with pincers (Fig. 449) :— ^11. The Pbalangida, or 
Harvett-mmy which may be regarded as representing the Spiders 
in the Tracheary Order; they have the thorax and abdomen united 
into one mass, but the latter does not exhibit any division into 
rings; the palpi are thread-like; — and III. The Aoaridjb, or 
MUes^ which have the abdomen united to the thorax, but alto- 
gether unmarked by rings (Fig. 452). 
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763. The general fonn and aspect of tlie Psbudo-Soobpioni- 
D js will be best understood from the accompanying figures, which 

represent two of 
the principal spe- 
cies. The Ga- 
leode$ is foimd in 
the warmer tem- 
perate and the 
tropical regions, 
principally of the 
Old World. They 
run with great quickness, erect their heads when surprised, show 
signs of resistance, and are reputed to be venomous. The 
Chd^er strongly resembles a small Scorpion deprived of its tail; 
and one species, which inhabits herbaria, old books, &c., — feed-» 
ing upon the minute insects which fre- 
quent such situations, is commonly known 
under the name of Book-Scorpion. It 
runs quickly, and often sideways, like the 
Cnbs or the Laterigrade Spiders. The 
eggs are united into a mass, which is said 
to be carried about under the abdomen. 

764. Here has been placed, by many 
Naturalists, a very curious group, the 
Pyonogonidje; which departs very widely 

from the other Arachnida, both in the structure of the body^ as 
well as in the residence, which is exclusively marine. It 
appears to be destitute of any special Respiratory apparatus; 
and cannot, therefore, be referred with certainty either to this 
class or to the Crustacea, by characters derived fron^ the mode 
in which this function is performed. On the whole, however, 
its analogies seem to be rather with the latter class ; with which, 
therefore, it will be described (§ 815). It may be regarded 
as connecting the Arachnida and Crustacea. 

765. The Phalangidjb, or Harvest-men, have two thread- 
like palpi, terminated by a small hook ; the legs are long and 
slender, and when detached from the body, they show signs of 
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irritability for a few moments. The majority of them live upon 
the gronnd, upon plants, or at the roots of trees, and are yery 
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active in their movements ; others hide themselves between stones^ 
or in moss, and are less agile. 

766. The Agabid^, or MUes^ have the mouth formed rather 
for suction than for mastication ; its various pieces not being sepa- 
rate, as in the other Arachnida, but more or less enveloped in a 
sort of sheath formed by a prolongation of the lower lip ; the 
maxillary palpi, however, are generally &ee, and their extre- 
mities are commonly armed by a small pair of pincers. Some 
of these animals have four or two eyes ; others have only a 
single one ; and there are several which do not possess any. 
They are nearly all of very small size, and multiply with great 
rapidity. Many of them come forth from the egg with only 
six legs, and may be considered to bear, in this state, a strong 
resemblance to parasitic insects ; they do not acquire their addi- 
tional pair imtil after the first moult, which thus becomes a sort 
of metamorphosis. The AcaridsB are very widely, — in fact 
universally, — distributed. Some of them are of wandering 
habits ; and amongst these^ some are found under stones, leaves, 
the bark of trees, in the ground, the water, or upon various 
articles of food, such as meat and old dry cheese, and upon putrid 
animal matters. Others subsist as parasites upon the skin, and 
in the flesh of different animals ; often greatly weakening them 
by their excessive multiplication, and producing most violent 
itching. Other kinds of Mites are parasitic upon Insects ; and 
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Fio. 462.— AcARUS do- 
MKSTicus, or Crkbsb- 
BfiTB, magnified. 



many Beetles which feed upon decaying substance^, are entirely 
covered by them. The Acari^ or Trtie Mitesy 
haye the legs adapted for walking; and 
some of them are of active habits. The com- 
mon Cheese-Mite is familiar to every one ; 
and there are many other species which 
nearly resemble it in structure and habits, 
but which feed upon different substances. To 
this group belongs a small species, which appears to be the 
occasion of one of the most disgusting diseases of the skin, — ^the 
itch* It is scarcely visible to the naked eye ; but when exa- 
mined under the microscope, it is seen to have an oval body ; a 
mouth, of conical form, armed with 
several bristles; and eight feet, of 
which the four anterior are terminated 
by small suckers, that enable it to 
adhere firmly to any solid bodies, 
whilst the four posterior are termi- 
nated only by bristles. Some of this 
Acari have the power of spinning 
webs, and are commonly ranked with 
the Spiders; one of these is well- 
known as the Red Spider in hot- 
houses, where it greatly injures the 
plants by covering the leaves with 
its webs. — ^The RicinuB^ commonly 
known as Ticks^ are usually desti- 
tute of eyes, but have the mouth 
provided with lancets, that enable them to penetrate more readily 
the skins of animals whose blood they suck. They are usually 
of a flattened, round, or oval form ; but they often acquire a 
very large size by suction, and become distended like a blown 
bladder. They are found in thick woods, abounding in brushwood, 
briars, &c., and attaching themselves to plants with the two 
fore legs. They fasten upon dogs, cows, horses, and other 
quadrupeds, and even upon the tortoise ; and they bury their 
suckers (which are often furnished with minute recurved hooks, 
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as in the laodet. Fig. 454,) so firmly in their skin^ that they 
can hardly he detached hy force,— the portion of skin to which 





Fio. 464. — IxoDKs Pio. 456.-0, Hydrachna Globulus; 

Plumbeus, and m b, magnified ; c, youQg Uutya ; d, pupa. 



they are attached coming away with them. It is probahly the 
young of a species of this gronp^ which is commonly known as 
the Harvest-Bug ; this is very common in the autumn, upon 
grass or other herbage; and insinuates itself into the skin 
at the roots of the hair, producing a very painful irritation. In 
this state it possesses only six legs. — Lastly, there is a tribe of 
Acarid», the HydrachntB^ in which the legs are covered with 
hairs, in such a manner as to adapt them for swimming ; these 
are all, during a part of their lives at least, parasitic upon 
various Water-Insects, such as the Dytiscus, the Nepa, &c. 
These Water-Mites undergo a more complete metamorphosis 
than any of the preceding ; for the larvae have a very large 
head, and six legs ; whilst the pupae have but a single pair of 
legs, with which they attach themselves to the bodies of 
insects, and present the appearance of an oval bag with a narrow 
neck. 



CHAPTER X. 

CLASS OF CRUSTACEA. 

767. Crustacea are Articulated animals, respinughy branehuB 
or external gills, or by the general surface^ and possessing 
a circulating apparatus, and separate sexes. Crabs and Lob- 
sters are the types of this group ; but a great number of animals 
of a much less complicated structure, and of a different external 
form, are also classed with these; for as we descend the 
natural series formed by these animals, we see the same general 
plan of structure gradually modified and simplified. The 
lowest Crustacea are even so imperfect, that they can only exist, 
attached like parasites, on other animals : whence most Natura- 
lists have placed them with the Intestinal Worms. 

768. The tegumentary skeleton of Crustacea generally pos* 
sesses a very considerable degree of firmness. It has nearly 
always a stony hardness ; and indeed contains a very consider* 
able proportion of carbonate of lime. We may look upon this 
solid envelope as a kind of epidermis ; for beneath it we find a 
membrane like the true skin of higher animals ; and at certain 
times it detaches itself and falls off, in the same manner as the 
epidermis of Reptiles separates itself from their bodies (§ 471)9 
and as we have also seen the enveloping membrane of the larvaa 
of Insects renew itself several times. We can easily understand 
the necessity of this change, in animals whose whole bodies are 
inclosed in a solid case ; which, not being able to grow like the 
interior parts, would oppose an invincible obstacle to their 
development, if it could not be thrown off, as soon as it has 
become too small to lodge them commodiously. Thus the 
Crustacea change their skin during the whole time of their 
growth; and it would seem that the greater part of these 
animals grow during their whole life. The manner in which 



232 



BODY OF CRUSTACEA. DIVISION INTO SEQHBMTS. 
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they free themselyes from their old shell is exceedingly singular. 
In general they manage to get out of it without occasioning the 
least change in its form ; and when they have quitted it, the 
whole surface of their hody is already clothed in a new casing, — 
which, however, is still soft, and does not acquire its requisite 
solidity for some days. 

769. The body of Crustacea is composed of a series of rings, 

more or less distinct. Sometimes 
most of these segments are pimply 
articulated one with the other, so 
as to admit. of a considerable de- 
gree of motion, as in the Sand- 
hopper ; sometimes they are 
nearly all soldered together, and 
are only distinguished by furrows 
situated at their line of juncture; 
lastly, in other oases, their union 
is still more close, and it is only by analogy that we are led to con- 
sider the trunk, resulting from their juncture, as made up of several 
rings, rather than of one only. Hence result, as we can easily under- 
stand, very great differences in the form of these animal.s ; ^nd if we 
compare with each other a Woodlouse (Fig. 457), a Sandhopper 
(Fig. 456), and a Crab (Fig. 458), we might be at first led to be- 
lieve them formed according to types en- 
tirely different ; but a deeper study of 
their structure shows, that the compo- 
sition of their tegumentary skeleton is 
essentially the same, and that the dif- 
ferences lie almost entirely in this, — 
that most of the rings being quite dis- 
tinct and moveable in the Woodlouse, 
are grown together in the Crab, and 
that certain analogous parts do not 
present the same proportions in both 
animals. Thus in the Woodlouse and 
Sandhopper we find a distinct head (c) followed by a thorax 
composed of seven rings similar to each other (t^ t*)^ and each 
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Fio. 40&— Cangkr Paourub, Ztnn., with the tail of the 
male, a ; and of the female, b. 
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ring provided with a pair of legs (/?, jpp,) : and at the posterior 
part of the body we see an abdomen, also composed of seven seg-^ 

ments((»), whose size 
diminishes rapidly, 
but whose form is 
nearly the same as in 
the thorax. In the 
Crab (Fig. 458), on 
. the contrary, the head 
is not separated from 
the thorax; and it 
forms, with the whole 
middle part of the 
body, but a single 
mass, covered by a 
large solid buckler 
called the carapace. 
The abdomen, at first> 
escapes observation ; for it is bent down under the thorax, and 
is of small size. Yet it is easy to show, that in the Crab, as in 
the Woodlouse, there are seven very recognisable thoracic rings, 
and that the carapace is not a new part introduced instead of 
the former, but merely the dorsal portion of one of the rings of 
the head, so extremely developed that it ha& encroached upon 
all the neighbouring rings. 

770. In other animals of the same class, the general form of 
the body differs still more widely from those of which we have 
just spoken. Thus the Limnadias are inclosed between two oval 
shields, joined like the valves of an Oyster, and it is only after 
having raised this moveable cuirass, that we first perceive the 
annular structure of the body (Fig. 490) ; the Cyprk (Fig. 495), 
which abounds in stagnant waters, presents a similar arrange- 
ment: but the rings of which its body is composed, are 
•still more difficult to recognise. Lastly, we may advert to the 
I^emeaSy which at their adult age present the strangest forms ; 
but which, in the earlier part of their existence, possess a regular 
annular structure (Figs. 501, 502). This comparative study of 
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the tegumeniary skeleton is of great interest as a department of 
Philosophic Anatomy ; one of whose most important branches 
has reference to those modifications, to which Nature subjects 
the same organic elements, in order to adapt them to yarioos 
purposes, and to create different animals from analogous mate- 
rials ; but the limits we have assigned ourselves, do not permit 
us to dwell longer on this subject. 

771. The lateral appendages of the different rings constituting 
the body, are in general very numerous, and present consider- 
able differences in their conformation and uses ; — both when we 
consider those in the different parts of the same individual, and 
when we compare them in distinct species. Those of the first 
pair are generally subservient to the animal functions, and sup- 
port the eyes or constitute the antennas ; the next surround the 
month, and serve for the prehension or division of the food ; 
those of the middle part of the body constitute the legs for loco- 
motion; and those whigh are placed behind have various 
uses, but are generally subservient to respiration or reprodac- 
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Fio. 459.— Prawn :— a«, anteoDc of the first pair ; as, antennae of the second pair; 

2, laminar appendage covering its hase ; r, rostrum, or frontal prolongation of the 

carapace ; y, eyes ; pm^ external foot-Jaw ; p', first thoracic member ; ^'t second 

thoiBoio member ; fp^ tajae legs, or swimming members, of the abdomen ; n, tail-fin. 

tion ; lastly, this long series ordinarily terminates by one or 
several pairs of members, which serve as fins. 

77*2. The head, or rather the cephalic portion of the body, 
carries the eyes, the antennsd, and the appendages of the mouth. 
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It is sometimes divided into several distinct rings, as in the 
SeillcB ; but in general there is no separation^ and it is formed 
of a single piece, which seems to represent seven segments joined 
together. Sometimes it is moveable, and distinct from the 
thorax (Fig. 458) ; sometimes, on the contrary, it is joined to 
this second part of the body, which in its turn is composed of 
distinct rings, articulating with each other in some species, but 
in others united into a single mass. 

773. Of the totennao, there are nearly always two pair; 
and they are generally thread-like, and very much elongated 
(Fig. 459, 08 and at). The legs originate by pairs from the 
different thoracic rings ; and they often amount to seven pairs, 
as for example in the Woodlouse (Fig. 457), and Sand-hopper 
(Fig. 466) ; but in other instances, as we see in Crabs (Fig. 458) 
and Cray-fish (Fig. 471), their number is reduced to five pairs ; 
those appendages, which in the former constituted the four 
anterior legs, being subjected in the latter to other uses, and 
transformed into organs of mastication (§ 775). There are also 
very great differences in their structure : in some Crustacea 
they are leaf-like, membranous, and fitted for swimming only 
(Fig. 490) ; in others they look like little columns jointed 
together, and adapted for walking only ; 
in others, while yet remaining appro- 
priate to this last kind of locomotion, 
they are destined to be used also as so 
many little spades for digging in the 
earth, and then they are enlarged and 
laminated at the end (Fig. 460) ; 
lastly, in others, they end in pincers, 
and thus become instruments of 
prehension, at the same time that 
they fulfil their ordinary functions in 
locomotion (Figs. 471 and 505). In 
swimming Crustacea, such as Cray- 
fish, Lobsters, Pravms, &c. (Fig. 459), 
the abdomen generally attains a con- 
siderable development, and ends in a 
large fin, in such a manner as to become the principal agent in 
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locomotiim ; but in iboee which are destined to walk rather than 
to swim, this part is generally yery small and hent nnder the 
thorax. In the Crabs, for instance, this pdrtion of the body is 
reduced to almost nothing, and forms a sort of moveable append- 
l^e, which is seen on the inferior sor&ce of the body b^ieath 
the legs (Fig. 458). 

774. The Nervous System of Crustacea consists of a double 
series of ganglia, situated on the ventnd surface of the body, 
near the central line. In general their number corresponds 
to that of the distinct segments compoang the body ; and the 
first pair is always 
placed on the head, in 
front of the oesophagus, 
where it forms a sort of 
brain. The arrange- 
ment of the thoracic 
and abdominal ganglia, 
however, varies con- 
siderably ; sometimes 
they are placed at equal 
intervals, and form, 
with their cords of 
communication, a chain 
extending from one end 
of the body to the 
other; sometimes they 
approach one another 
more or less closely; 
and sometimes they 
are united, forming a 
single mass, situated about the middle of the thorax (Fig. 461, t). 
It may be remarked that this concentration of the nervous 
system becomes more and more complete, as the animal acquires 
a higher organisation. The Crustacea have in general but very 
limited faculties ; and none among them present much to interest, 
as to their habits. The eyes are formed nearly in the same manner 
as in Insects ; sometimes they are simple, but in general they 
are compound ; and in all the most perfect Crustacea, these 




Fio. 461.^NjERyou8 Systsm of Crab (Maia) : ca, 
upper part of the sheU laid open ; a, anteniue ; 
y, eyes ; e, stomach ; e* cephalic ganglion ; no, optic 
nerves ; co, oeisophageal collar ; nt, stomato-gastrio 
nerves ; t, thoracic ganglionic mass ; np, nerves of 
the legs; na, abdominal nerve. 



ORGANS OF SENSE OF CRUSTACEA. 237 

organs a):e situated on moveable footstalks (Fig. 462); an 




FlO. 462.— POOOPHTHALM A. 




arrangement which we do not see in any other division of 

Articulated animals.*— In many 

at \ I Crustacea, there is an apparatus 

for hearing, situated at the base 
of the external antennas, and 
composed of a small membrane, 
under which we find a sort of 
^ vestibule filled with liquid, and 
inclosing the termination of a 

Fio. 46a-AnteriOT part of the i^erior particular nervc. This consti- 

surfaceof thebody^ofaCrab (ilfa/a): *^ ^ 

at, internal antennae; a, external tutcS the Simplest form of an 

antennae; y eyes; o, organ of hear- . ,., , . 

ing; m, feet.jaws; &, mouth ; p, base Audltory apparatus. (AnIM. 

of the anterior limbs; r. entrance to PhysIOL. § 512). We knOW 

the respiratory cavity ;«, sternum. *, , ^ 

nothing positive concerning the 
senses of Smell and Taste in these animals. 

775* Most Crustacea subsist on animal substances ; but they 
present great differences in their regimen, some being only nour- 
ished upon' liquid matters, whilst others feed upon solid aliment ; 
and we observe corresponding differences in the formation of 
their mouths. In masticating Crustacea there is in front of 
this opening a short transverse lip, followed by a pair of man- 
dibles, by an inferior lip, by one or two pairs of jaws properly so 
called, and generally by one or three pairs of auxiliary jaws, or 
feet-jaws^ which serve principally for the prehension of food 
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(Fig. 472). In snctorial Crustacea, on the contrary, the mouth 
is prolonged into a sort of beak, or trunk, as we have already 
seen in Insects of the same habits. In the interior of this tube, 
we find thin and pointed appendages, which perform the office 
of little lancets; and on each side we commonly see organs, 
which are analogous to the auxiliary jaws of masticating 
Crustacea, but which are so formed as to serve to fix the 
animal on its prey. 

776. The digestive canal extends from the head to the pos- 
terior extremity of the abdomen ; and is composed of a very 
short oesophagus, a large stomach («, Fig. 466} generally armed 
interiorly with powerful teeth, of a small intestine, and of a 
rectum. In some Crustacea, the bile is secreted by biliary 




Fig. 464.— Anatomy of a Crab ; the greater part of the carapace having been 
remowd; p, portion of its lining membrane ; «, heart ; m, ophthalmic arteiy ; aa* abdo. 
minal artery ; b, branohiae in their natural position ; b\ branchic turned back to shov 
their vessels ; Jl, lower portion of the shell ; /, appendage of the foot-Jaw ; e, stomach ; 
m, mufldes of the stomach ; fo, liver. 

vessels, like those of Insects ; but in general there is a very 
voluminous liver, divided into several lobes, and composed of a 
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multitude of small tubes terminating in follicles, and grouped 
round a ramified excretory canal, whose extremity empties 
itself on each side into the intestine near its commencement 
(A Fig. 464.) 

777. We know as yet nothing of the manner in which the 
chyle passes from the intestine into the circulating apparatus. 
The blood is colourless, or slightly tinged with blue or lilac ; and 
coagulates easily. This liquid is put in motion by a heart, 
situated on the median line of the back, and composed of but 



/ « 




Fio. 465.— Circulating Apparatus or Lobstsb ; a, heart ; b and e, arteries to the 
eyes and antennc ; d, hepatic artery ; e and /, arteries to thorax and alMomen ; gg. 
Tenons sinus ; h, gUls ; i, branchial reins. 

a single cavity of variable form (Fig. 465, a). Its contraction 
propels the blood into the arteries, which distribute it to all 
parts of the body. The veins are very incomplete, and are 
formed chiefly by passages left between the different organs, and 
lined by a thin layer of areolar tissue ; they end in large cavi- 
ties near the base of the legs (Fig 466y «,) from which the blood 
is conducted to the respiratory organs, whence it returns to the 
heart by very distinct canals termed hranckiO'Cardiac vessels. 

778. Crustacea are almost all essentially aquatic; their 
respiration is nearly always effected by gills ; and when these 
organs are absent, then: place is supplied by the skin of certain 
parts of the body, generally of the legs. In other respects, 
the arrangement of the respiratory apparatus varies consider- 
ably. Thus in the Crabs, Cray-fish, and all other Crustacea 
of analogous organisation, the gills consist of a considerable 
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number of pTramids, — each composed either of a number of 
minute cylinders placed like the hairs of a brush, or of little 

lamellae piled one on 
the other like the 
leaves of a book. — 
These organs ai:e fixed 
by their extremities 
to the inferior border 
of the arch of the 
flanks (Fig. 466); 
and are inclosed in 
two large cavities, 
situated at the side of 
the thorax and shut in 
between the carapace 
and the arch just men- 
tioned, an arrangement which is not found in the other divisions of 
this class. The respiratory cavity communicates with the exterior 




St 

Pjo. 466.— Vertical skctiok or a Crubtacban, show- 
ing THB C0DII8K ov THE BLOOD *, c, heart ; s, yenona 
Biniu ; va, vesBels conducting the venoos blood to the 
gills ; vet vessels which collect the aSrated blood firom 
the capillaries of the gills ; vb, branchiooardiao vessels ; 
/, carapace ; iU sternum. 




Fio. 467.— RnpiBATORT Apparatus op Prawn ; a, rostrum or beak ; ft, carapace ; e, 
base of antenne ; d, base of abdomen ; e, base of legs ; /, gills ; g^ dotted line, marking 
the tumed-in border of the portion of the carapace that covers in the gills, which has 
been removed In this preparation ; h, canal for the exit of the water from the respira- 
tory chamber ; i, its valve ; J, Its extremity. 

by two openings; that which serves for the entrance of the 
water is situated between the base of the legs and the side of 
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the carapace ; the other, destined for the exit of the water, is 
placed at the sides of the mouth (Fig. 467). The renewal of 
the water in contact with the gills, is elBTected by the movements 
of a large valve, situated near this last opening, and formed by 
lamellated appendages of the second p^r of jaws (Fig. 467, »)• 
In other Crustacea, the ScUla for instance, the gills are formed 
of feathery tufte ; and instead of being inclosed in the thorax, 




Fio. 468.— ScFLLA ; y, eyes ; a, antennae ; pi, first pair of legs ; 
p*, second pair of legs ; p', three last pairs of thoracic legs ; pa, 
abdominal pro-legs ; b, gills ; g, fin-like members. 

they float freely on the exterior, and are fixed to the abdominal 
members. In others, as the Sandhoppers, the gills are replaced 
by membranous vesicles fixed at the base of the legs, beneath 
the thorax. Lastly, in the Isopod Crustacea, the respiration 
is effected by means of false abdominal legs, which present a 
leaf-like and membranous aspect. 

779. A small number of these animals are formed to exist 
in air ; but they constitute an exception to what has been said, 
relative to the difference in the structure of the breathing appa- 
ratus of terrestrial and aquatic animals : for, instead of being pro* 
vided with lungs or tracheae, they respire by gills like the former ; 
but these organs are placed in such a manner, as to be surrounded 
by that degree of moisture, which is necessary for the exercise of 
their functions. The Land-Crabs^ which are met with in different 
parts of the globe, but which chiefly abound in the Antilles, 
offer a remarkable example of this anomaly. Instead of living 
in the water like ordinary Crustacea, these animals are terrestrial; 
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and although provided with gills, some among them are speedily 
suffocated by submersion in water. Indeed, their respiration 
is so active, that the small quantity of oxygen dissolved in the 

water cannot suffice for 
their wants ; but in the 
air they find this gas 
in abundance ; and an 
arrangement similar to 
that which we have 
met with in certain 
Fish (§ 538), permits 
them to remain out of 

Ffo. 469.--LAND Crab. . 

the water without their 
gills becoming so dry, as to be unfit to perform their functions. 
Sometimes there is, at the bottom of the respiratory cavity, a 
sort of basin, destined as a reservoir for the water necessary to 
supply the requisite moisture to the giUs. In other instances, we 
find in the lower arch of this cavity a spongy membrane, which 
seems to serve the same purpose. Most of these Land-Crabs 
commonly inhabit I^oist woods, and hide themselves in holes 
which they dig in the soil ; but the localities which they prefer 
vary according to their species. Some dwell in low marshy 
lands, near the sea ; others in wooded hills far from the shore ; 
and these last at certain periods quit their habitual dwellings 
for the sea. The Woodlice also are terrestrial Crustacea, 
whose respiration is effected by means of leaf-like plates, which 
are situated under the abdomen, and which, in other animals 
formed nearly on the same plan, fulfil the functions of gills. 

780. All Crustacea are oviparous. The female is generally 
distinguished from the male by the more enlarged form of the 
abdomen ; and after having laid the eggs, she carries them for 
some time, suspended under that part of her body, or even 
inclosed in a sort of pouch, formed by the appendages to the 
legs. Sometimes the little ones swim about in this pouch, and 
remain there until they have undergone their first moult. 
The young do not in general undergo true metamorphoses ; 
but sometimes they acquire, with advancing agey a larger 
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Fio. 470.— Earlt Form or ths 
Crab. 



number of legs ; there are some which change their form com- 
pletely daring the first part of their life. This is the case, for 
example, with the common Crab, 
whose early condition is represented 
in the accompanying figure. It is 
remarkable, however, that in other 
animals of the same Order, such as the 
Cray-fishy the change of form is so in- 
considerable, as not to deserve the name 
of metamorphosis. Hence we perceive that 
the degree of this change cannot be em- 
ployed as a character in the subdivision 
of the Class, as we have seen that it may 
be in Insects. Of a large proportion of 
Crustacea, however, the early form is 
unknown. The metamorphoses of some 
of the lower tribes are even more ex- 
traordinary than those of the higher 
(Figs. 496 and 497, 501 and 502) ; being frequently such, as 
appear to remove the adult altogether from the class, to which 
the larva evidently belongs. 

781. The early condition of many of the higher Crustacea 
bears a strong resemblance to the permanent forms of the lower. 
This is in no point more remarkable, than in the character of the 
respiratory apparatus. Thus in the earliest period of the develop- 
ment of the Aitacus flumatilis^ or River Cray-fish, no trace of 
gills can be discovered; but as the embryo within the egg 
approaches maturity, temporary gills are developed in the form 
of leaf-like expansions, occupying the situation of the extremities 
of the maxillary appendages, which are the first developed of all 
the members. These soon subdivide, and one part assumes a 
cylindrical form, and seems no longer to belong to the apparatus ; 
whilst branchial filaments begin to appear on the other — which 
are subsequently prolonged into complete gills. During this 
interval, the thoracic extremities have made their appearance ; 
and they also become furnished with branchial appendages. At 
a subsequent time, a narrow groove or furrow is seen aloug the 

r2 



244 SUBDIVISIONS OF CRUSTACEA. 

under edges of the thorax ; the margins of which, after no long 
period, are prolonged so as to meet each other and enclose the 
gills,— openings being left for the entrance and exit of water, 
which are at first large, but which subsequently become contracted 
to the proper size. 

782. The Class of Crustacea may be divided into three natural 
groups or Sub-Classes, characterised by differences in the conform- 
ation of the mouth, as follows : — 

I. Maxillosa, or Masticating Crustacea, whose mouth is 
furnished with mandibles and maxillae adapted for mastication. 

II. Edentata, Toothless or St«;toruiZ Crustacea, whose month 
is composed of a tubular beak armed with suckers. 

III. Xyphosura (so named from the Stoord-like appendage 
with which they are furnished, Fig. 505), whose mouth has no 
appendages peculiar to it, but is surrounded by legs, whose bases 
perform the office of jaws. 

783. The group of Maxillosa comprehends the greatest part 
of the class ; and includes all those, whose organisation is most 
complicated and perfect. These Crustacea do not live on the 
juices of other animals, as do those constituting the suctorial 
group ; but they are habitually nourished on solid food. They 
vary greatly in external form, in their number of legs, and in tbe 
structure of their respiratory apparatus; and they may be 
divided by these characters ^into four Sections, containing nine 
Orders. — 

A. The Jirst Section, Podophthalma, includes all those 
having the eyes mounted upon foot-stalks, and moveable. They 
are almost always furnished with distinct branchias ; their feet are 
partly formed for walking, and partly for prehension ; and the 
thorax is covered with a carapace^ formed by the great develop- 
ment of one of the rings. This Section includes the two first 
Orders : — 

I. Decapod A^ possessing five pairs of thoracic extremities, and 
having the gills enclosed in a special respiratory cavity, on each 
side of the thorax. 

II. Stohapoda, having the gills external, and a variable 
number of extremities. 
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B« The second Section, Edriophthalma, consists of those 
Crustacea, whose eyes are sessile (that is, not mounted on a foot- 
stalk), and whose branchice are not distinct organs, but are 
united with the extremities, which are commonly seven pn each 
side, and adapted for walking. This Section contains the three 
succeeding Orders : — 

III. Amphipoda, in which the thoracic members are subser- 
vient to respiration ; and which have the abdomen well developed, 
and furnished with six pairs of appendages. 

TV. Ljbmodipoda, in which there is the same provision for 
respiration, but which have the abdomen undeveloped. 

y. IsoPODA, in which the abdomen is well developed, and 
has members, similar in form to the rest, subservient to 
respiration. 

C. The third Section, Branchiopoda, is characterised by the 
absence of any special organs for respiration ; their place being 
supplied by the flattening of the anterior pair of legs into thin 
plates, which are subservient to that function. This Section 
contains two Orders : — 

VI. Phyllopoda, in which the body is either shell-less, or 
enclosed in a simple carapace, and furnished with a large number 
of appendages. 

YII. Cladocera, in which there is a carapace in the form of 
a bivalve shell. 

D. The fourth Section, Entomostraca, is composed of Crus- 
tacea in which there are no branchiae, nor any organs destined 
to supply their place. The eyes are sessile, and are commonly 
united into a single mass. This Section also contains two 
Orders : — 

YIII. OsTRAPODA, which has the body inclosed in a sort of 
shield resembling a bivalve shell. 

IX. CopEPODA, in which there is no such envelope. 

It is in the Order Isopoda, that we find, in the equality of 
the segments and of their appendages, as well as in the aerial 
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respiration of many species, the nearest approach to the class 
Mtriapoda; and in some members of the Entomostracons 
section, we find a considerable approximation to the higher 

ROTIFERA. 
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Order I.— DECAPODA, 

784. In this Order we find the highest general organisatioD, 
the largest size, and the most varied habits, which we anywhere 
meet with among Crustacea ; it is the one most useful to Man ; 
and also most interesting to the Naturalist. The Lohtten^ 
Crahs^ Cray-JUh^ Praums^ Shrimps^ — in fact, nearly all the 
species that are ever used as food, — belong to it. Their growth 
is slow ; but they ordinarily live a long time. Their habits are 
mostly aquatic ; but, in consequence of the manner in which 
their gills are inclosed, none of them are killed at once by being 
withdrawn from the water ; and some of them pass the greatest 
part of their lives in air. They are naturally voracious and 
carnivorous : and the first pair of legs is transformed into a pair 
of powerful claws, by which they seize their food and convey it 
to the mouth, — the claw of one side usually having a sharp edge 
for cutting, whilst that of the other is provided with a blunt 
rounded edge for bruising. The form and size of the claws, 
relatively to the rest of the extremities, varies greatly in the 
different species; thus in the Cray-Jkh (Fig. 471), they only 
seem like legs somewhat enlarged; whilst in the Crabs 
(Fig. 475), they commonly seem to be distinct organs. It is 
in this group, that we find the mouth furnished with the most 
complicated set of appendages ; and we may trace in these a 
gradual transition from the form of jaws to that of legs. This 
is shown in the accompanying figures, which represent the 
under surface of the Cray-fish, and the series of feet-jaws sepa- 
rately displayed. — This Order is divided into tluree sub-orders, 
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according to the development of the abdomen ; these are : — 
I. The Braghyoura, or Bhort-tailed Decapods, to which the 
name of Craha is commonly applied ; — II. The Macroura, or 
long-tailed^ such as the Lobster^ Cray-fish^ &c. ;— and III. The 




Ij crS' ^ 

%-' 




Fio. 471>— Gray-Fish ; a and &, antennae ; 
c, eyes ; d, organ of hearing ; e, external 
feet-Jawu ; /, first pair of thoracic mem- 
hers ; g^ fifth pair of thoracic memhers ; 
h, abdominal false-legs ; t, tail-fin ; j^ 
anus. 



Fio. 472.— MAsncATORY Apparatus, com- 
posed of six pairs of appendages ; a, man- 
dibles ; h and c, first and second pairs of 
maxillfle ; d, «, /» three pairs of feet-Jaws, 
gradually approaching the form of the or- 
dinary limbs. 



Anomoura, in which the condition of the abdomen is inter- 
mediate. Each of these sub-orders is divided into families ; 
but it will be sufficient here to notice their principal forms. 

785. The Braghyoura may be considered as ranking at 
the head of the whole Order, in regard to the concentration 
and high development of their nervous, circulating, respiratory, 
and secreting systems. They are formed for walking rather 
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than for swimming ; and they are consequently usually found 
•upon the shore, or even quite inland, rather than afloat. The 




Fie. 476.— CARCINU8 Manas, (Common small edible Crab), upper side, and under side 
of the body with the limbs cut short ; a, lateral antenna ; d. intermediate antenna : c, 
eye : d, outer foot jaw ; e, /, g, ft, i, base of the five pairs of legs ; A, tail ; I, sternum. 

tail or post-abdomen is shorter than the thorax, and possesses 
no appendages or swimmerets at its extremity ; it is folded in 




Fig. 474.-MAIA. 

a state of rest beneath the thorax, where it is lodged in a hollow 
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fitted to receive it ; and in the female it is famished with four 
pairs of double filaments, analogous to the sub-abdominal swim- 
ming appendages of the long-tailed Decapods, and used for 
carrying the eggs. The claws, or first pair of legs, are alone 
furnished with pincers ; the ordinary legs having only simple 
pointed terminations.-^In the Maia (Fig. 474) and other allied 
genera, the body has very much the form of that of some Spiders, 
and the legs are very long ; whence these Crabs are commonly 
termed Sea-Spiders by the fishermen. — The Cancer pagurus, or 
common large edible Crab, belongs to a group distinguished by 
the very great breadth of the carapace, which, in this species, 
sometimes amounts to as much as twelve inches ; it is much 
arched at the sides, and each border has nine festoons. This 

Crab is captured, by sinking 
pots, baskets, or nets, baited 
with decaying animal mat- 
ter, to a considerable depth 
along the rocky coast. Du- 
ring the summer months it 
is very abundant, especially 
where the water is deep; 
but in winter it is rarely to 
be found, and it is supposed 
to burrow in the sand, or to 
retire to the deeper parts of 
the ocean. The Cardnus 
Mcenas^ or small edible Crab, is very active in its habits, run- 
ning with considerable speed ; it is caught, however, in large 
numbers, but is principally eaten by the lower classes, being 
less esteemed than the preceding as an article of food; its 
breadth seldom exceeds three inches. There are several other 
species of this group, which are used as food in different parts 
of the world, where they take the place of the preceding. — The 
Podophthalma^ which is extremely remarkable for the length of 
its eye-bearing foot-stalks (Fig. 462), belongs to a group of 
Crabs distinguished by the flattened form of the last pair of 
legs, which are used as oars, and enable the animal to swim 
with facility. 




Fio. 475 — Gancjbr Paourus. 
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Fio. 476.— Thklphusa. 



786. Of the group of Brcuhyourous Decapods formed to live 
at a distance from the sea, there are many species; some of 

them inhabiting fresh 
water, whilst others form 
burrows in the ground, 
even at a distance from 
water. Of the genus 
ThdphuiOy one fresh- 
water species, a native 
of the rivers of Southern 
Europe, was well known 
to the ancients, who 
often represented it upon 
their medals ; the Greek 
monks eat it imcooked, 
and it is a common article of food in Italy during Lent. 
Another species, which inhabits India, has been thus noticed by 
Bishop Heber in his Journal : — '' All the grass through the Dec- 
can generally swarms with a small Land-Crab, which burrows in 
the ground and runs with considerable swiftness, even when en- 
cumbered with a bundle of food as big as itself; this food is grass, 
or the green stalks of rice ; and it is amusing to see the Crabs, 
sitting, as it were, upright, cut their hay with their sharp 
pincers, and then waddling off with their sheaf to their holes, 
as quickly as their side-long pace will carry them." They have 
been found on the table-lands, at an elevation of nearly 4000 feet 
from the sea ; and there is reason to believe that they do not, 
like the West Indian Land-Crabs, perform an annual migration 
to the sea, for the purpose of depositing their eggs. — ^The 
G«camnt», or Land-Crab of the Antilles (Fig. 469), is remark- 
able for its nocturnal and burrowing habits, and for the 
migrations it executes ; when the season arrives for the depo- 
sition of the ^gs, it moves towards the sea in large com- 
panies, taking the most direct line, and seldom permitting any 
obstacles to interrupt its progress. — Some of the Land-Crabs 
are remarkable for the inequality in the size of their claws ; the 
larger is used to close up the mouth of the burrows ; and it b 
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sometimes held up in a beckoning attitude, whence these Crabs 
have acquired the name of Calling-Crabs. — Nearly allied to 
these, which are all inhabitants of tropical regions, are some 
small native species, termed Pea-Crabs, which reside, at least 
during a part of the year, inside yarious bivaWe sheUs, such as 
Mussels, &c. The ancients believed that the Pea-Crab lives 
on the best terms with the inhabitant of the shell in which it is 
found; and that it not only warns it of danger, but goes 
abroad to cater for it ; this, however, is an absurd fiction. 

787. The Decapods of the section Anohoura are intermediate 
between the Short-tailed Crabs, and the Long-tailed Lobsters and 
Cray-fish ; not having the abdomen reduced to the almost rudi- 
mentary state, which it presents in the former ; 
neither having it converted into a powerful 
organ for swimming, as in the latter (Fig. 477)- 
There is nearly alwajB a pair of appendages 
attached to its last segment ; and these have, 
in some instances, important uses. This section 
includes the Hippa (Fig. 460) and its allies, 
constituting the family HippiDJs; and also the 
family Paquridje, or HermU-Crahs^ which 
are very peculiar as to both their conformation 
and their habits. The tail, or post-abdomen, 
is of large size, but its envelope is little else 
than a membranous bag, entirely unpossessed 
of the usual hardness of the Crustaceous inte- 
gument, and presenting no division into segments. The thorax 
itself is not very firm ; and it is only on the claws, which are of 
large size, that we find the true calcareous envelope. For the 
protection of their soft tails, the PcigurtdcB resort to various arti- 
ficial methods. Many of them seek univalve shells, in which 
they take up their abodes ; attaching themselves to theur interior 
by a sucker, with which the tail is furnished at its extremity, 
and also holding by the three pairs of appendages, or false legs, 
which it bears at its hinder portion. When they are feeding or 
walking, the head and thorax project beyond the mouth of the 
shell ; but when they are alarmed they draw themselves in, 




Pio. 477.— Rkmxpbs 
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dosing the mouth with one of the claws, which is much larger 
than the other, and holding to the interior so firmly, that they 
wiU rather be torn asunder than quit their attachment* As they 
increase in size, they are obliged to change their habitation for a 
more commodious one ; and the way in which they accomplish 
this is very amusing. They may be not unfrequently observed 
crawling dlowly along the line of empty shells, &c., left by the 
last wave; and as if unwilling to part with their. old domicile 
till a new one has been obtained, they slip their tails out of the^ 
old house into the new one, again betaking themselves to the 
former, if the latter is not found suitable. In this manner they 
not unfrequently try a large number of shells, before they find one 
to their liking. There are several species of various sizes, which 
are inhabitants of our own shores ; they feed, for the most part, 
upon dead fish, and all kinds of garbage thrown upon the shore. 
The Birpuiy an allied genus of tropical regions, has the tail some- 
what more protected, but still soft ; this does not lodge in shells, 
but retires to rocks, or hides itself in burrows in the earth. The 
best-known species, Birgtu latro, inhabits the Isle of France, 
and lives upon cocoa-nuts ; it burrows at the roots of the trees, 
and feeds upon the fruit which falls from them ; and it is even said 
to climb the trunk, to obtain a further supply. 

788. The Macroura, or long-tailed Decapods, are dis- 
tinguished not merely by the length of the tail, but by havmg 
it terminated by a sort of fin, expanded laterally, and consisting 
of five pieces (Fig. 478). This is a very powerful instrument 
for motion in water, serving, by its vertical strokes, to propel 
the animals through the liquid ; and we consequently find the 
Crustacea of this Section much more frequently swimming in the 
water than walking on its bottom or on the shore. This Section 
is a very extensive one, and contains the largest species of the 
whole class. The Lobsters^ Cray-jUih^ Prawns^ Shrimps, &c., 
of which the group is chiefly composed, are sufficiently well 
known to need no description. We may notice, however, the 
Palinurtu, or Spiny Lobster, one of the largest animals in the 
class ; which was known to the Romans under the name of 
Locusta. This is distinguished by the very large size of its 
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lateral antennsa ; which are heset, like the body, with sharp 
points. The legs are all siDgle-fingered ; not even those of the 




Fio. 478.— Falinurus. 

first pair being furnished with pincers. This animal frequents 
deep waters, especially off rocky shores ; and it only approaches 
the coast at the return of spring, to deposit its eggs, which are 
nnmerooS; minute, and of a bright red colour. The common 
English species not unfrequently weighs 12 or 14 Ibs.^ when 
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loaded with eggs. — The GdUuhec^ a genus somewhat altied to the 
preceding, and of which two small species are common on our 
own coasts, is remarkable on account of the vast numbers in 
which it sometimes appears ; the Galathea gregaria having been 
seen by Sir Joseph Banks, during his voyage round the world, 
to accumulate in such multitudes, that the surface of the water 
appeared as if saturated with blood. 



Order II.— STOMAPODA. 

789. The name of this Order is derived firom the mode in 
which the feet approach the mouth, in many of the animals 
composing it ; not only the foot-jaws, but also part of the 
thoracic exUemities, being directed towards it (Fig. 480). The 
number of legs is variable ; but there are generally from twelve 
to sixteen, — one or more psdrs of the feet-jaws of the Macrouroos 
Decapods being here developed as true legs. The general 
form of the body bears considerable resemblance to that of the 
Cray-fish and its allies ; the abdomen being much prolonged, 
the tail-fin much expanded laterally, and the appendages beneath 
the abdomen being developed and used as fin-feet. There are, 
however, some considerable difierences in their structure ; which 
are quite sufficient to separate the Stomapods as a distinct Order. 
The branchiae, instead of bemg inclosed in a cavity beneath the 
thorax, are attached to the abdominal appendages, and hang 
freely in the water (Fig. 468) ; the heart has more the form 
and characters of the dorsal vessel of Insects ; the integuments 
have little solidity, and are sometimes membranous and trans- 
lucent ; and the nervous system is arranged in a less concen- 
trated manner. — All the Stomapods are marine ; and the largest 
species are only found in tropical climates. As they are 
inhabitants of deep waters and the open sea, rather than of the 
shores, their habits are but little known ; but from the confor- 
mation of some of the Order, they may be regarded with proba- 
bility as very voracious. 

790. As connecting this Order with the last family of the 
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preceding, we may first notice the curious genus Mysis^ or 

Opossum-Shrimp ; which bears, in its general form, so strong a 

resemblance to the ordinary Shrimps^ that it has been usually 

placed with them. It is distinguished, however, from the true 

Decapoda, by the external position of its branchias ; as well as 

by other characters. In regard to the number of the feet, it 

holds a very interesting intermediate 

place between the Decapods and the 

ordinary Stomapods; for the last 

pair of feet-jaws is developed into 

true legs, making their number 

twelve in all; and the other two 

pairs have much more the form of 

ordinary legs, than in the Decapods* 

Each of the lefi^s has a lateral ap- „ .^» „ ^ v . 

p ^ Fio. 479— Mysis VuiiOARis, about 

pendage, which is so much developed twice the natural length : a, one 

as to appear like a second limb ; and ° ^ ^^' 
thus, reckoning-in the feet- jaws, which also possess similar 
appendages, we may say that the Mysis has no fewer than 32 
legs. The common name of this curious little animal is derived 
from the peculiar conformation, which enables it to afford a 
special protection to the eggs. The female has a large concave 
scale, attached to the inner division of each of the posterior legs ; 
and these, overlapping one another, form a pouch, which is 
capable of being considerably distended. Into this pouch the 
eggs are received, when they quit the ovarium ; and here they 
continue until the young are so nearly developed, that they pre- 
sent a very close resemblance to the parent. The parent then 
opens the valves of the pouch, and sets free the whole brood at 
once into the surrounding element; and these usually seem 
to remain associated with the community, from which they 
sprang. Although sparingly distributed in the seas of Europe, 
these little animals inhabit some parts of the Arctic ocean in 
amazing numbers; constituting the principal food of the pro- 
digious shoals of Salmon, which resort thither in the months of 
July and August, and upon which the inhabitants of Boothia 
depend in great degree for their winter store of provisions ; and 



256 ORDER STOMAPODA. — SQUILL A MANTIS. 

serving also as one of the chief articles, on which the Whalehone 
Whale is supported. 

791. The SquUla^ which is sometimes termed '^ Sea Mantis/' 
from the resemhlance of its powerful claws to those of that 
Insect (§ 664), may be regarded as the type of the Order. Its 
carapace is small, and only covers the anterior half of the thorax ; 
— the posterior being formed of rings like those of the abdomen. 




Fig. 480.— Squilla Mantis. 

The members which, in their position, correspond with the 
external feet-jaws of Decapods (Fig. 480, a), are here developed 
into enormous claws, terminating in a sharp hook; in the 
typical species, Squilla mantis, the last joint or finger is furnished 
with six sharp projecting spines ; and the preceding joint, or 
hand, is furnished with three sharp spines, and is hollowed at 
its edge into a groove, into which the finger shuts, in such a 
manner as to render this claw a most efficient instrument of 
prehension. The other foot-jaws, and the three first pairs of 
thoracic members (5), share in this conformation; being fur- 
nished with a sharp moveable finger, and a hand armed with 
spines, against which the finger closes ; and these are directed 
towards the mouth, in such a manner as to hold the prey against 
it, in the most efficient manner. The three posterior pairs of 
legs, which are attached to. the annulated (or ringed) portion of 
the thorax (c), are furnished with a brush instead of a hook at 
their extremities, and more resemble the abdominal swimming 
legs. The tail is expanded into a broad fin. Thus we see that 
the locomotive apparatus of this animal is partly adapted for 
prehension, and partly for natation (or swimming), and not at 
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all for walking. This species is probably the largest of the 
Order ; its length being about seven inches. It is common in 
the Mediterranean. 

792. To this Order also belongs a very curious genus, the 
PhyUosoma, or Glass-Crab. Its scientific name, which means 
leaf-bodied, as well as it's common designation, refer to the 
remarkable peculiarity of structure by which it is distinguished ; 
the whole body being flattened like a leaf, and almost as trans- 
parent as glass. It is composed of a large oval plate, which 
represents the head, and bears the two eyes, mounted on 
long footstalks, at its anterior extremity ; of a second plate, 
in part covered by the preceding, and giving insertion to the 
thoracic legs ; and of an abdomen which is always short, and 
in some species undeveloped. The legs, six in number, are very 
long and slender ; they are bifid or divided into two, like those 
of the Mysis; and are adapted for swimming only. These 
curious creatures are inhabitants of the tropical parts of the 
Atlantic and Eastern Oceans. 

793. It is scarcely possible to avoid being struck by the 
analogy presented by this Order, to the Orthoptera among 
Insects. The resemblance of the Squilla to the Mantis has already 
been noticed ; and the correspondence of the Phyllosoma to the 
leaf-like species of the same order (§ 653), is scarcely less 
remarkable. We may also point out the many resemblances 
between the Decapod Crustacea, and the Coleopterous Insects. 
They occupy a corresponding position, in being at the head of 
the mandibulate series of their respective classes ; they are both 
abo pre-eminent in regard to the hardness of their integuments ; 
4ind in both there is an adaptation of the extremities for walking, 
xather than for swimming or fl3ring — which are actions analogous 
to each other (Anim. Physiol., § 663). 



Vot. It. 



258 



Section B.— EDRIOPHTHALMA. 




Order III.— AMPHIPODA. 

794. Passing on to the group of Edriophthalha, — which is 
distinguished by the absence of peduncles supporting the eyes, 
and by the union of the respiratory organs with the locomotive 

members, — we have to first notice the 
Order Amphipoda, in which the 
abdomen is well developed, but the 
respiratory organs are connected with 
Fio. 481.— Oammarus pdi.bx. the thoracic limbs only. These organs 
consist of membranous vesicles, at- 
tached to the base of the legs, of which some traces present them- 
selves in the preceding Order ; the continual renewal of the 
water in contact with them is accomplished by the constant 
movements of the first three pairs of abdominal pro-legs. The 
thoracic legs are fourteen in number, consisting of the ten which 
are characteristic of the Decapods, with the addition of two pairs 
of feet-jaws, — only one pair of these last organs being here left 
in its original form. The legs are partly directed forwards, 
and partly backwards, from which the name of the Order is 
derived. The abdomen is much developed, and is composed <^ 
seven segments, — ^the last, however, being A mere rudiment ; the 
appendages of the three preceding divisions are often united into 
a sort of bundle, constituting an organ which is of great service 
in leaping. These Crustacea are all of small size ; but they 
frequently present themselves in very large numbers. Some of 
them are inhabitants of the sea and shores, whilst others are 
abundant in our streams. The greater number of them are very 
agile leapers. 

795. The common Talitrus loeu9Ui,or Sand-hopper (Fig. 456), 
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is a very characteristic example of this Order. It is extremely 
abundant on our shores ; and may often be seen in vast numbers 
on the sands, especially when the sun is shining upon them and 
the tide is retreating. The whole surface of the sand, or rather 
the air for a few inches above it, appears as if alive with them ; 
for they are incessantly leaping to an elevation, which is, for their 
minute size, very considerable, as if they were in the height of 
enjoyment. They burrow in the sand ; and seldom enter the 
water. Their food probably consists of the minuter animals, and 
of the decomposing animal and vegetable remains, which are 
left in the sand by the sea. The Gammartu pulex (Fig. 481), 
which is nearly allied to the preceding in structure and in 
its leaping powers, is an inhabitant of fresh water brooks; 
being especially abundant in those, in which there is an accu- 
mulation of decaying vegetable matter. The Coryphium is 

remarkable for its very long 
antennae, and for its pre- 
daceous habits. It is very 
abundant on the coast of 
La Rochelle, where it forms 
extensive burrows in the 

Fio. 482— Coryphium Lonoicornb ; a, terminal j •» i • • , ^ 

segment of the tail. sand,— Only making its ap- 

pearance, however, at the 
beginning of May. It keeps up a continual war vnth the Anne* 
lida, which inhabit the same neighbourhood ; and also attacks 
MoUusca and even Fishes, as well as dead animal matter. 
Scarcely anything is more curious, than to observe these creatures 
at the rising of the tide assembled in myriads, moving about in 
all directions, beating the mud vnth their arm-like antennae, and 
mixing it with water in order to discover their prey. If they 
meet with Annelids even ten or twenty times their size, they 
nnite together to attack and devour them ; and the carnage does 
not cease, until the whole of the mud has been turned over and 
examined. It is said that they sever the hyssus^ by which the 
Mussels are fixed (Fig. 591) ; so as to cause them to fall, and thus 
to enable them to be more readily attacked. They are in their 
turn devoured by Fishes and by many Shore-Birds. The Crustacea 

s2 
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of a portion of this Order are parasitic in their habits ; attaching 
themselves to the bodies of Fishes ; and having the mouth more 
adapted for suction. 




Order IV.— LiEMODIPODA. 

796. The Crustacea of this Order resemble the preceding in 
the conformation of the respiratory organs ; but differ from all 
the other Edriophthalma, in the want of development of the 
abdomen. The number of legs varies considerably in the different 
species. The body is composed (with the head) of eight or nine 
segments, of which seven may be furnished with members ; but 
not unfrequently some of the appendages are undeveloped. This 
Order is divided into two Sections, according to the form of the 
body; the Filifor- 
mia^ having the 
body long and 
thread-like, and the 
legs also long and 
slender (Fig. 483); 
whilst in the Ovalia^ 
the body is shorter 

and broader, and the legs shorter and stouter (Fig* 484). Of 
the former group, the Caprella phasma is a characteristic exam- 
ple; it is found among marine plants, 
creeping along in the same manner as the 
Geometer, or Looper-Caterpillars (§ 700)^ 
often bending itself back with great rapidity^ 
and applying its antennas to various parts of 
the body. It has five pairs of legs, of which 
the second is the largest ; these are not disposed, 
however, in a regular, but in an interrupted 
series, the second and third segments of the 
thorax having only the respiratory vesicles. 
In an allied genus, there are also ten legs, disposed in a con- 
tinuous series ; and in another, all the fourteen are developed* 



Fio. 483.— Caprklla Phasma. 




Fio. 484.— CvAMUS Ba- 

hJESAHVM. 
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The Cyamtts and its allies, belonging to the second division of 
the Order, appear to be mostly parasitic in their habits. The 
Gjamus, commonly termed the Whale- Louse, attaches itself, by 
means of its strong claws, to the surface of the body of the 
Whale ; which is sometimes so completely covered by« these 
parasites, that the individuals thus infested may be easily 
recognised at a considerable distance by their white colour. 
When the parasites are removed, the skin of the Whale is found 
to be deprived of its epidermis. 



Order V.— ISOPODA. 

797. These Crustacea bear a general resemblance to the 
Amphipoda ; but their bodies are flattened horizontally, instead 
of being compressed vertically, and the abdomen is not terminated 
either by appendages adapted for leaping, nor by an expanded 
fin for swimming, as in that group. The thorax nearly always 
consists of seven segments, and is furnished with seven pairs of 
appendages adapted for walking (Fig. 456) ; but the respiratory 
organs are not attached to them, but are developed as expansions 
of the extremities of the pro-legs, which are attached to the 
abdominal segments. These organs, which have usually an oval 
form and a membranous texture, are sometimes suspended freely 
beneath the abdomen ; but they are occasionally covered in by 
little scales, which fold over and protect them. The females 
usually have large plates attached to the base of the thoracic 
legs, which form, by their meeting, a pouch in which the eggs 
and young are matured ; others have a membranous bag in this 
situation: The newly-hatched young have only six thoracic 
segments and six pairs of legs, — acquiring an additional segment 
and pair of legs at the time of their first moult. 

798. Of this Order, the principal part is aquatic ; but one 
group is terrestrial. Many of the former are parasitic upon other 
animals, — ^very frequently upon larger' Crustacea ; this is the 
case with the Bopyrus^ which is parasitic upon the common 
Prawn^ affixing itself beneath the carapace, upon the branchiae, 
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aod producing an evident swelling externally. Between eight 
and nine hundred young ones have been observed beneath the 
body of a single female ; and the parent has the instinct to set 
them free in situations frequented by the Prawns. — Of those 
marine Isopods which are not parasitic, the most worthy of notice 
is the Limnoria terebrans ; which, although not more than a 
sixth of an inch in length, is, through its boring habits, and its 
powers of multiplication, exceedingly destructive. It pierces 
timber in different directions with astonishing rapidity, appa- 
rently for the purpose of feeding upon it, as in its stomach are 
found minute particles of the wood. It is found in different 
parts of the British Ocean, attacking wooden piles, immersed in 
water, in our dock-yards, bridges^ flood-gates, chain-piers, &c. ; 
and perforating them in the most alarming manner. 

799. It is in the terrestrial species, that we find the most 
remarkable provision for the inclosure of the respiratory organs ; 
these being completely folded over, by plates developed from the 

abdominal members ; and 
the anterior plates being 
perforated with a row of 
small holes, through which 
the air gains access to the 
gills within. Like the Land 
Crabs, these terrestrial Iso- 
pods (of which the common 
Wood-htue is a very familiar 
example), for the most part 
frequent damp situations; 
inhabiting dark and con- 
cealed places, such As cellars, 
caves, holes in walls, the un- 
der-side of stones, &c. They feed upon decaying animal and vege- 
table matter, and come forth from their retreat in damp weather. 
They crawl slowly, except when alarmed ; and they have the 
power of rolling themselves into a ball, so as to expose on the 
outside nothing but the plates of the back, and to conceal the 
appendages of the underside of the body. 




Fiu. 486.— Armadillo 

PUSTITLATUS. 



Fio. 485.— Anilocka. 
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800. The order Isopoda is probably the situation, in which 
we are to place the remarkable fossils known under the name of 





Fig. 487 — Calymbnk Fig. 488.— a, Asaphus bxpansus. b. The bamb 

BfcVMBNBACHII. ROLLKD UP. 

Trilobites^ from the three lobes into which the body is divided 
lengthways (Fig. 487). These are found in the very earliest of 
the formations that contain fossils at all ; and they appear to 
have ceased to exist, before the creation of Mammalia. They 
resemble the Isopoda in the equality of their segments, as well as 
in the tri-lobed division of the body, which is presented by some 
of the recent species of that order ; and also in their tendency to 
roll themselves into a ball (Fig. 488). Their exact situation, 
however, cannot be known, until some information has been 
gained in regard to their extremities, of which no remains have 
yet been discovered. It is probable that these were very short ; 
in which respect they woidd correspond with those of certain 
parasitic Isopods; but they may have been soft and membranous, 
and formed for swimming, like those of the Phyllopoda. They 
bear no inconsiderable resemblance externally to the Chiton 
among MoUusca (Fig. 584) ; and could probably, like them, 
draw the border of the shell completely down to the surface on 
which they were adherent. Their Articulated character, how- 
ever, is fully evidenced by the nature of their eyes, which have 
the compound structure peculiar to that Sub-Kingdom. This 
has been so perfectly preserved in many specimens, that the 
facets may be counted vidth the aid of a magnifying-glass ; and 
as many as four hundred have been found to exist in a single 
speciiben. 
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Order VI.— PH YLLOPODA. 

801. We are now arrived at the third Section of the class^ — 
that of Branchiopoda ; in which the union between the legs 
and respiratory organs, which we have seen to be gradually 
taking place in the preceding Orders, becomes more complete, — 
there being now no distinct gills, and the anterior legs being 
converted into respiratory organs, by an expansion of their sur- 
face. Hence the name of the group; which means ^^gill- 
footed." In the greater part of this and the succeeding groups, 
the body is inclosed in a sort of homy shell ; which sometimes 
appears composed of but a single piece, and in other instances 
is formed like the shell of a bivalve Mollusk : — hence they are 
commonly known as Entotnosiracout Crustacea (this term 
meaning, inclosed in a shell). The eyes are generally placed near 
each other ; and are sometimes so close, as to run together (so to 
speak) into one mass. The foot-jaws are all converted into 
true legs, being, like them, adapted for swimming ; and even 
the antennsB sometimes become locomotive organs. The number 
of legs varies greatly ; reaching in some 
species to above a hundred; but being 
commonly much less. All these animala 
are aquatic, and most of them inhabit fresh 
water. They are for the most part extremely 
active in their habits ; and are all of small size, 
some of them being even of microscopic minute* 
Pio. 489.-cycLop8 ^^^' '^^^^ activo locomotiou is doubtless in 
YuLOABis, magnified, part connected with the act of respiration, and 
serves to produce a constant interchange in the 
water in contact with the surface of the body, and especially 
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with the branchial expansions of the legs. Even when the Anifnalg 
are at rest, these last organs are seen to be in rapid motion* 
The eggs are arranged in a mass in a cavity beneath the back of 
the shell, or are inclosed in a common envelope, and carried in 
one or two bunchea or masses at the base of iie tail (Fig. 489). 
802. The Order Phyllopoda includes those Branchiopoda, 
whose body, sometimes naked or shell-less, and sometimes 
inclosed in a shield-like carapace or in a bivalve shell, is divided 
into a great number of segments, nearly all of which are 
furnished with leaf-like appendages, or gill-feet. They vary 
considerably in their conformation ; some of them being provided 
with a certain number of simple swimming feet, placed behind 
the gill-feet ; but of the latter there are always at least eight 
pairs, and sometimes their number amounts to sixty pairs. The 
first division of the order includes those, which have the body 
protected by a homy shell. This is the case with the Limnadia 
(Fig. 490), which has a bivalve shell, and bears a considerable 





Fio. 490.— LiMNAOiA. Fro. 491.— Apub Montaoui. 

resemblance to the Daphnia (§ 804), except in the form and 
number of the feet ; and in the Apu$ (Fig. 491), which has a 
simple shield-like shelly and in which the feet are very numerous, 
but all except the anterior ones are extremely small. These last 
are extremely remarkable for the power which their eggs possess, 
of retaining their vitality for several years, when the waters in 
which they are deposited have been dried up. They inhabit 
lakes, pools, and ditches, and are often found in vast numbers, 
especially in the spring and beginning of the summer. They are 
sometimes raised into the air by whirlwinds, and scattered agaia 
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like rain. Their eggs are of a red colour, and (all to the bottom 
of the water, when set free from the egg-cases which the parent 
bears near its taiL When first hatched, the young difier con- 
siderably from their parents, having but one eye, four legs, no 
tail, and the shell covering only the front half of the body. 
These little Crustacea are said to feed upon young Tadpoles. 
They swim well on the back, and burrow in the sand, elevating 
their tails in the water. / 

803. In the species included in the second division of the 
Order, there is neither bivalve shell, nor any trace of a shield- 
like carapace ; but the body is entirely soft. It is usually much 
prolonged, and composed of a large number of segments ; but 
the branchial appendages or giU-feet do not exceed eleven pairs. 

To this group belongs the 
curious Artemia Mlina, or 
Brine-shrimp ; a small Crus- 
tacean, about half an inch in 
length, commonly found in the 
salt-pans at Lymington, when 
the evaporation of the water is 
considerably advanced. The 
accompanjdng figures represent 
the progressive stages of its 
development. '^ Nature having 
constructed it with members solely adapted for swimming, it 
seems to be in perpetual quest of prey, gliding with an almost 
even motion through the water, and moving with equal indif- 
ference on the back, belly, and sides ; the shape of the animal, 
the undulating movements of its fins, and the glossy appearance 
of its coat, render it an object 
of a very interesting descrip- 
tion."" — Nearly allied to this is 
the Branchiptis; of which the 
several species are found, often 
in great numbers, in small pools, especially after heavy rain ; 
sometimes even in those which are left on the uneven surfaces of 
stones, — the eggs, which are inclosed in a strong shell, seeming 




Fia 493.— Artsmia salina, in different 
stages. 




Fio. 493.— Branchipus staonalis. 
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to have been transported by the wind. The Branchipi generally 
SYFim on their backs ; and their short lamellar feet, which are 
unfit for walking, are then kept in an undulatory motion, that 
sends forward a current of water, along a channel hollowed in 
the lower side of the body, to the mouth, and thus supplies the 
suDiimal with food. At other times, they swim more forcibly^ by 
alternate lateral strokes of the tail upon the water. 



Order VII.— CLADOCERA. 

804. The Order Cladocera consists of those minute Crus- 
tacea answering to the foregoing description, which have the 
body inclosed in a bivalve shell. These belong, for the most 
part, to the genus Daphnia; of which the common species^ 
Daphnia puUx (which has also received the name of Monoctdui 
from its single eye), is commonly termed the Arborescent Water- 
Flea, from its power of leaping, and from the branching form of 
its antennsB, which serve as oars. It is very abundant in many 
ponds and ditches, coming to the surface in the mornings and 
evenings, and in cloudy weather ; but seeking the depths of the 
water during the heat of the day. It swims by taking short 
springs, and feeds on minute particles of vegetable substances, 
not however rejecting animal matter when offered. There are 
several curious points, relative to the propagation of these little 
animals, which are worthy of notice. After the eggs leave the 
ovaries, they remain in a large cavity between the body and the 
shell ; here they usually attain their complete development, — 
the young coming forth into the world, in a form very nearly 
resembling that of the parent. From the transparency both of 
the eggs and of their containing envelope, the whole process of 
development may be distinctly seen. At first the eggs are 
quite round, and seem as if made up of a multitude of minute 
globules. The shape then alters a little, becoming oval; and 
these globules augment in number ; but as yet no trace of any 
body is perceptible. A little afterwards, we see a black spot in 
the centre, which is the eye, and which is the first 6rgan visible. 
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The other organs then hegm to show themselves ; but it is not 
until near the end of the fourth day, that any motion is per- 
ceptible. They come forth into the world, at the end of the fifth 
day, with the tail curved up within the shell ; and very shortly 
after birth, this tail maybe seen to spring forth with a sudden jerk, 
and to assume its natural position. In a short time afterwards, 
the animal acquires the perfect form, and it speedily increases 
in size, — ^throwing off its envelope, and acquiring a new one, at 
short intervals. In summer these moultings are frequently 
seen to be performed every two days ; but in colder weather, 
several days elapse between them. They do not cease with the 
full growth of the animal, but continue during its whole life. 
The purpose of this may be, to prevent the animal being iujured 
by the tendency of its shell to become overgrown with parasitic 
Animalcules and Confervas; for weak and sickly individuals 
may be frequently seen so covered with these growths, that their 
motion and life are soon arrested, the animals apparently not 
having strength enough to throw off their envelope. 

805. After the third or fourth moulting, the young Daphnia 
begins to deposit its eggs in the cavity of its back ; these may 
be frequently seen there, as early as the tenth day of its separate 
existence. Soon after the young are born, another moulting 
takes place ; and the egg-coverings, which have been left in the 
cavity, are thrown off with the shell. In a very short time after- 
wards, another brood of eggs is seen in the cavity ; these are 
soon hatched, and another moult takes place ; and these pro-> 
cesses continue to take place through the whole season, until the 
weather becomes severe. All the Daphnice then seem to be 
destroyed ; none having their existence prolonged through the 
winter. There is, however, a very curious provision for perpetu- 
ating the race. At particular seasons, the Daphnice may be 
found with a dark opaque substance on the back of the shell. 
This has been termed the ephippium, from its resemblance to a 
saddle. When examined by the microscope, it is seen to be of 
a dense texture, and to be composed of a mass of hexagonal cells ; 
and to contain two oval bodies, which are capsules opening like 
a bivalve shell, each inclosing an ovum covered with a homy 
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envelope. This is first seen after the 3rd moulting ; after the^ 
4th it passes into the open space in the back ; and at the 5th it 
is thrown off with the shell, and remains floating on the surface of 
the water, until the temperature rises sufficiently to hatch the eggs. 
The ephippial eggs which are deposited in the summer are pro- 
bably developed during the same season ; but those which are 
laid in the autumn remain undeveloped during the winter, being 
protected by their peculiar envelopes ; and it is by the action of 
the returning warmth of spring upon them, that the new gene^ 
ration of Daphniaa is produced in the next year. They may be at 
any time hatched, however, by artificial warmth. " These two 
species of eggs," says an attentive observer of the processes now 
described, ^' produced by the same being, offer a very singular 
example in the history of animals, and show with what wisdom 
Nature provides for the preservation of even her smallest 
creatures." 

806. The Polypkemtu has, like the Daphnia, oar-like 
antennas, divided into two branches. It 
is remarkable for the large size of its 
head, which is almost entirely occupied 
by a single enormous eye (Fig. 494.) It 
swims on its back or sides, giving to its 
Pio. 494— poLYPHEMUB antcnnss and legs quick and repeated 
motions, and executing with the greatest 
ease all kinds of evolutions. 




Section D.— ENTOMOSTRACA. 



Order VIII.— OSTRAPODA. 

807. We are now arrived at the last group of Masticatory 
Crustaceans; in which we lose all trace of organs peculiarly 
adapted for respiration, — the feet not being modified for this 
purpose, as in the last Section, but being expressly formed for 
swimming, each member being terminated by two oars composed 
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of two or more joints. There is considerable resemblance, except 
in the conformation of the mouth, between some of these and 
the Suctorial Crustacea hereafter to be described. It is to this 
group, that the term Entomogtraeous has been restricted by later 
Naturalists ; but it is commonly applied to the minute Branchi- 
opodous Crustacean just described, and even to the LimuU 
(§ 816), as well as to these — all agreeing in the inclosnre of the 
body in a single or bivalve shell. 

808. In the Order Ostrapoda, the body does not exhibit a 
division into distinct rings, and is altogether inclosed between 
the two valves of a bivalve shell. This shell is furnished with 
a hinge, like that of a bivalve Mollusk ; and can be closed in 
such a manner as to envelop the animal completely ; but the 
valves are in general sufficiently wide apart, to allow the extremi- 
ties of the antennsB and feet to pass out between them. There 
are two pairs of antennas ; of which the first (a. Fig. 495) is 
slender, whilst the second {b) is large, directed 
downwards, and adapted for swimming. The 
mouth is situated near the middle of the inferior 
surface of the body ; it is furnished, besides an 
Fig. 49B.— Ctprib Upper and lower lip and a pair of mandibles, with 
viDHA, magnified. ^^^ pairs of maxiUsB ; of which the posterior 
carries a large flapper-like appendage, that is probably to he 
regarded as a branchial organ. The true thoracic feet are only 
four or six in number. The body terminates in a bifid tail ; 
and the eggs are lodged, as in the DaphnisB (to which these 
animals bear a strong general resemblance), in a cavity between 
the back and the shell. The principal genus of this Order is the 
Cypris^ which, like the Daphnia and the Branchippus, is an 
inhabitant of pools and streams; and strongly resembles the 
former of these, in regard to its monltings and the deposition 
of its eggs. The young are not bom alive, however ; for the 
mass of eggs, including about twenty-four, is attached by 
the female to water-plants, with the aid of a glutinous secre- 
tion, — an operation which lasts about twelve hours. There are 
but two pairs of legs in this genus, of which the posterior does 
not make its appearance outside the shell ; being bent upwards 




ORDER OSTRAPODA; CYPRIS. 271 

to give support to the ovaries. The food of these little animals 
consists of dead (but not putrid) animal matter, confervaB, &c. ; 
but they will not attack living animals that are well and strong, 
although they are often seen to attack worms, &c,, when 
wounded and weak, and even to prey on one another. When the 
ponds and ditches in which they live dry up in summer, they 
bury themselves in the mud^ and thus preserve their lives as long 
as the mud retains any moisture, — becoming as active as ever 
when the rain falls, and again overflows their habitations. After 
long-continued droughts, however, when the mud becomes very 
dry and hard, they perish ; but the race is then kept up by the 
eggs^ which are capable of resisting this influence. These little 
creatures are very lively; being almost constantly seen in 
motion, either swimming by the united action of their antenna 
or anterior feet, or walking upon plants and other solid bodies 
floating in the water. When alarmed, they draw their antenn® 
and legs within the shell, and close its valves so firmly, that 
there is no possibility of opening them. An allied genus, Cythe^ 
rina^ distinguished by the possession of three pairs of legs, is an 
inhabitant of salt water. 

809, There is abundant evidence of the former existence of the 
minute Crustacea of this group, to an enormous extent ; and 
their size was much greater. The largest existing species of 
Cypris does not exceed one-sixteenth of a line in length. But 
in certain strata of the Secondary and Tertiary formations, which 
appear to have been deposited by fresh water, we find layers, 
sometimes of great extent and thickness, which are almost en- 
tirely composed of the fossilized shells of Cyprides, many of 
them exceeding a line in length ; and in the Chalk, which was a 
marine deposit, the remains of bivalve Crustacean shells, proba- 
bly belonging to the genus Cytherina, are frequently to be 
found in great abundance. 
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Order IX — COPEPODA. 

810. The Entomostraca of this Order bear a strong resem- 
blance in the general form of their bodies to the Edriophthalma ; 
they have no carapace, nor bivalve shell, like that of the last 
Order ; and their envelope is of membranous or soft consistence. 
The head is large, and distinct from the thorax ; and the body is 
distinctly divided into several segments, of which the thorax pre- 
sents from three to five, and the abdomen two or more. The num- 
ber of legs is always at least eight or ten ; and the abdomen is ter- 
minated by a bifid tail adapted for swimming. The first pair of 
antennas is long, slender, and many-jointed ; those of the second 
pair are sometimes wanting, and sometimes developed into swim- 
ming-legs. Tlie month is furnished, besides the mandibles and 
maxillsB, with two or three pairs of feet-jaws ; of which the pos- 
terior are usually very large, and furnished with a set of feathery 
bristles, which almost cover the remainder of the buccal appa- 
ratus. In one division of the Order, we find the two eyes quite 
distinct ; in the other they form but a single mass on the median 
line. The eggs are contained, when they quit the ovarium, in 
two capsules borne at the base of the tail (Fig. 489) ; and the 
young, when they first emerge from them, present a form differ- 
ing greatly from that of the parent, which is only attained 
after several moults (Figs. 496, 497). The Cydops is a very 
common genus of this Order ; belonging, as its name implies, to 







Fio. 496.— Larva or thb Cyclops. Fjo. 497.— -Cyclopb. 



the single-eyed division of it. This genus contains numerous 
species ; of which some belong to fi^sh water, whilst others are 

I 
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marine. The fresh- water species abound in the muddiest, and 
most stagnant pools, and often too in the clearest springs ; the 
ordinary water with which London is supplied frequently con** 
tains great numbers of them. The marine species are to be 
found, often in immense abundance, in small pools on the sea* 
shore, within high- water mark, living among the sea^weeds and 
corallines ; and others inhabit the open ocean, where, by the 
luminous properties they possess, they assist in producing its 
phosphorescence. Their vast numbers are the less surprising, 
when the extraordinary rapidity of their multiplication is known. 
It has been calculated by Jurine, who attentively observed their 
habits, that from one female, 4,442 millions of young might be 
produced in a year. The time occupied in the transformations and 
development of the young, varies according to the season ; and 
this variation appears to depend, according to the experiments of 
Mr. Baird,* not only on temperature, but also on the degree of 
liffht^ the metamorphosis being retarded by darkness, as in the 
Batrachia (§ 483). The Cyclops is carnivorous, feeding upon 
Animalcules that are brought to the mouth by the action of 
the feet*jaws, which create a whirlpool in the surrounding water; 
and in this manner they even devour their own young. In their 
turn they fall victims to the larvae of aquatic Insects, the Water- 
spiders, and other aquatic animals, which thus restrain their 
multiplication within due bounds. Owing, probably, to the 
softness of their envelopes, they do not resist drought as well as 
many other Entomostraca ; but they seem capable of resisting 
almost any degree of cold, and they have been immersed for 
some time in spirit of wine, without losing their vitality. 

811. All these minute Entomostraca furnish very interesting 
objects for Microscopic examination; and the study of their 
development and habits will abundantly repay the most diligent 
observation. Exeept during the winter, there is probably not a 
pool of water in this country, that does not contain some specie^ 
of thQm. 



• « MflfiBriBe of Zoology and Botany," Vol. I., p. 816. A large proportion 
of tbe £»cts her« stated vespectiog these axid other Eatomostntca, are derived from 
Mr. Baird's highly interestlDg and valuable papers in that journal. 
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812. We next pass to the Sub-Class of Suetoridl CmeiAcez^ 
in which the mouth, instead of being furnished with mandibles 
and maxillae adapted for the division of solid aliment, is prolonged 
into a beak, and can only receive liquid substances. Still among 
the Crustacea, as in Insects, the parts which compose the Mandi- 
bulate mouth of the preceding Orders, may be recognised in the 
Haustellate or Suctorial mouth of those we have now to consider. 
The proboscis is formed by a prolongation of the upper and lower 
lip ; and it is generally accompanied by a pair of long appen- 
dages, which evidently correspond with the mandibles of the 
preceding Orders, and which serve to make the punctures into 
'which the proboscis is inserted. Other appendages, found at its 
base, are the representatives of the maxiUao and feet-jaws of the 
Mandibulate Orders; and these are frequently developed as 
hooks, by which the animal attaches itself to its prey. Many 
of the Suctorial Crustacea bear a strong resemblance in their 
general form to the Cyclops and other Copepoda. The body 
is usually divided, at its anterior part at least, into distinct 
^gments ; and there are generally four pairs of legs, each fur- 
nished at its extremity with two oar-like expansions. The 
resemblance is often strongest in the early stages of development ; 
— ^the young LerruBa^ for example (Fig. -502), being scarcely 
-distinguishable from the young Cydopi (Fig. 496). But in their 
-advance towards maturity, the Suctorial Crustacea frequently 
«indergo the most extraordinary changes ; so that, if we were to 
attend to their adult forms alone, we should be tempted to 
•exclude them from the class altogether, — ^in so small a degree 
do they present its distinguishing characters. This group is 
•divisible into three Orders ; of which the first two ate parasitic, 
and the last free. 

X. SiPHONOSTOMA. In this Order, the mouth is armed with 
styliform mandibles ; the thorax is composed of several distinct 
joints, and bears three or four pairs of swimming-feet ; and the 
feet-jaws are well developed. 

XI. Lern^ida. The mouth in this Order, as in the preoed- 
.ing, is armed with piercing mandibles ; but the thorax exhibits 
no division into segments ; and both the feet-jaws and the true 
legs are undeveloped. 
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XII. Araneiformes. This very curious group, which was 
formerly ranked among the Arachnida, has the feet adapted for 
walking, and weU developed ; but the mouth is unpossessed of 
distinct mandibles. 



Order X.— SIPHONOSTOMA. 

813. The Crustacea of this Order are all parasitic upon Fishes, 
aquatic Batrachia, &c. ; and many of them are known under the 
name of Fish-lice. Their general characters may be understood 
from those of the two genera Argidtu and Caligm^ which will 
be briefly described. The Argulus has 
its body covered with an oval shield, which 
does not extend, however, over the poste- 
rior part of the abdomen. There are four 
pairs of legs, somewhat resembling those 
of the Branchiopoda, and adapted for 
^ 2 swimming. The tail also is a kind of 

^««rr^».SLJr4: swimmeret. On each side of the beak 
nified; 8, one of the large or proboscis, there is a large short cylin- 

anterior sucking-feet ,3,^., jj . 'xji 

the siphon; 4. natiiai d^cal appendage, termmated by a curious 
^®°«*^- sucking-disc ; and there is also a pair of 

larger jointed members, terminated by prehensile hooks. These 
two pairs of organs, enabling the animal to attach itself firmly 
to that on which it lives, are probably the representatives of the 
feet-jaws. The eggs of the Argulus are deposited upon floating 
bodies, like those of the Cyclops ; and the young, when they 
first come forth, bear a strong resemblance to those of that genus. 
Their swimming organs consist of the oar-like antennae and feet- 
jaws ; the true swimming legs, and the suckers and hooks on 
the feet-jaws of the adult, not making their appearance until 
after several moultings. These Crustaceans may be regarded as 
in several respects intermediate between those of the preceding 
Order, and the true Suctorial Crustacea; for they have, even in 
the adult state, much more locomotive power than th& generality 
of the latter ; and are not unfrequently met with swimming freely 
in the water. 

814. The Caligus (Fig. 499) is much more strange in its form 
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Its body is composed of two prinoipal portions ; the anterior one 

coTered by the oTal 
^ shield or car]4>aoe 

(Fig. 600, a) ; the 
j^ posterior, forming the 
^ termination of the tho- 
rax and the rudimen- 
tary abdomen, is di- 
vided into rings. The 
first pair of antennce is 
reduced to the condi« 
tion of small flattened 
plates, in some species 
bearing a,sucker. The 
antennsB of the second 
psur (b) also are shorty 
and composed of only 
two joints. At c is 
seen a sucker, formed 
by the labmm, and 
Fio. 499.~CALrei«. Fio. 500.— Undbr aiDs or CAi-tom. iuclosiug the mandi- 
bles. The maxillffi 
(^ e) are represented by two pairs of rudimentary appendages, 
situated at die sides of the sucker, one of them terminated by 
homy claws directed backwards. The feet-jaws (/, ^, A), to the 
number of three pairs, are instruments of prehension, by which the 
animal attaches itself ; and bdiind the last pair of these, there is 
a forked appendage on the central line (t), which probably assists 
in the same object. There are four pairs of thoracic legs ; of 
which the first three (jy k^ /), formed tor swinuning, are situated 
beneath the carapace ; whilst the last (m), which comes forth 
behind it, is rather adapted for walking. The abdomen forms 
but a single segment {p) ; and is fumi^ed with a pair of small 
fin-like appendages (q). One of the most curious parts in the 
structure of thb animal, is the pair of long tubes (r), whidi are 
attached to the sides of the abdomen of the female ; these appear 
to be receptacles for eggs, and to be analogous to the capsules of 
the Cyclops, &c. (Fig. 489). 
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815. The animals of this Order depart so widely from the 
ordinary form of the Crustacea, that, until their early state was 
known, they were ranked among the lower Articulata. In their 
adult state, there is an almost complete absence of members or 
appendages ; and those which remain are destitute of joints, 
being merely fleshy lobes serving to attach the animal to 
the surface of that on which it lives. They all bear a more or 
less close resemblance to the Lemofa^ an animal which is not 
unfrequently found on the eyes and gills of Fish. The form of 
the adult is displayed in Fig. 501 ; which 
shows its long suctorial trunk or proboscis 
(a) ; its short thorax (b\ bearing the pair of 
legs (e), by which the animal is attached; 
its large abdomen (</), and its two egg- 
capsules (0). The legs are united to each 
other at their extremities ; and bear a kind 
of sucker (/), which is applied to the surface 
attacked by the animal, and assists in retain- 
ing it there* The whole anterior part of the 
body, however, is usually buried in the sub- 
stance of the part, from the juices of which 
the LemsBa derives its nutriment — However 
dissimilar the form and characters of this 

creature appear, to those of even 
^V^ the preceding group, yet its con- 

nection with them is made evident in two ways. 

In the first place, there are numerous parasitic 

species, which depart less from the ordinary type ; 

forming a gradual transition from the Suctorial 

Crustacea of the last order, to the highly-aberrant 
Pre. M&— Larva fQjm presented by the LemsBa : so that, if the latter 

is excluded, it would be difficult to say where the 
line is to be drawn. And again, the early forms of the Lemaea 
(Fig. 502) so strongly resemble those of the Cydops and other 
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Eniomostracous Crustacea (Fig. 496), that it would be im- 
possible to show any decided difference between them. This 
is a very interesting example of the importance of becoming 
acquainted with the whole Natural History of an animal, whose 
place in the scale is at all doubtfuL 



Order XII.— ARANEIFORMES. 

81 6. This is a very remarkable group, which is only referred 
to the position here assigned it, because it can scarcely be placed 
in any other, — at least without a more exact knowledge of its 
internal structure and development. It consists of the small 
family Pycnogonida ; which, in regard to the general form of 
the body, and the completeness of the extremities, seems to take 
rank rather with the higher Crustacea, or with the Arachnida. 
With the latter they have been commonly associated, on account 
of the number of their legs ; but they differ in the absence of 
breathing pores, by which the want of in- 
ternal respiratory organs may be inferred ; 
and in their marine residence. There is 
reason to believe that the digestive cavity 
is not confined to the narrow body ; but 
that it sends prolongations into the legs, — 
^'°'^i^YJ^^^^ *s i* ^0^8 into the rajrs of the Star-fish; 
and from this circumstance, as well as from 
the absence of a respiratory apparatus, the circulating system may 
be regarded either as incomplete, or as altogether wanting, — ^the 
respiration being provided for, as in the lower tribes of Crustacea, 
by the exposure of the fluids of the body to the surrounding 
medium. Further, the residence of these animals would seem 
to remove them from the Arachnida ; for they are all marine, 
' many being found amongst plants or stones on the sea-beach, 
and others being dredged up from deep water. Their minuteness 
renders it difficult to ascertain many points of their structure; 
and much is still to be learned respecting them. Various species 
exist on our own coasts. Their motions are remarkably slow 
and apparently difficult ; and it is obvious from this circumstanoe^ 
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tus well as from tlie conformation of the mouth, that their prey 
must consist of either dead animal matter, or of living animals 
as defenceless as themselves. 
The females are distin- 
guished by the possession 
of a pair of spurious legs 
(Fig. 504), placed in front 
of the rest, and appropriated 
to the purpose of holding 
and carrying the eggs. 
These are collected into 
globular masses, enveloped 
with a thin skin or mem- 
brane,each mass being firmly 
adherent to the limb. There 
are several of these masses 
in most species of the 
tribe ; * but in Pycvwgonutn itself, the eggs form a single broad 
square membrane laid under the body. — ^The proboscis of these 
carious animals, which seems to refer them to the group of 
Suctorial Crustacea, is really the entire head ; and the organs 
which have been usually described under the name of palpi and 
mandibles, as appertaining to it, are in reality appendages of the 
thorax, and must be considered as metamorphosed legs ; so that 
the Pycnogonidse really have seven pairs of legs, like the Crus- 
tacea to which they are most nearly allied. 




Fio. 504.— Nymphon orossipbs, and under Bide 
of its Beak. 



There now only remains to be considered the third sub-class 
of the Crustacea ; which consists of but a single Order. 



Order XII.— XYPHOSURA. 

817. Although this group only contains a single genus, the 
LimtduSy or King-crab, yet the structure of this departs so 
widely from that of all the Crustacea we have hitherto con- 
sidered, that it cannot be referred to the same Order, or even 
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the same Sub-Class, with any of them. The Limuli, — which are 
Crustacea' of considerable size, sometimes attaining the length of 
two feet, — ^have their bodies divided into two parts ; of which 
the anterior, covered by a large semicircular shield (a, Fig. 506), 
bears the eyes, the antennas, and six pairs of legs, which sur- 
round the mouth (5), and are used both for walking and for 
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mastication ; whilst the posterior portion of the body, which is 
covered by another shield of a somewhat triangular shape, 
bears on its under surface efive pairs of swimming legs, of 
which the last is furnished with gills ; and this triangular shield 
terminates in a long pointed process (g). Now when we com- 
pare the appendages to the head and body of these animals, with 
those of ordinary Crustacea, it is evident that the first pair of 
the legs surrounding the mouth of the Limulus represents their 
mandibles; that the second and third pairs represent their 
maxillas ; the three following pairs of legs their feet-jaws ; and 
the five pairs of swimming-members, abdominal fin-feet, — the 
true thoracic legs being altogether absent. Besides the pair of 
compound eyes, characteristic of the Crustacea in general, the 
Limuli have a pair of small simple eyes, placed anteriorly, near 
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the central line. — The Limuli are confined to the shores of 
tropical Asia, the Asiatic Archipelago, and tropical America. . 
As the best-known species comes from the Mollucca Islands, they 
are sometimes termed Molucca Crabs. Of their habits very 
tittle has been ascertained. They appear to prefer the neigh- 
bourhood of sandy shores, and it is said that when kept from 
the water, they bury themselves in the sand, in order to avoid 
the violent heat of the sun, which causes them speedily to perish. 
They feed upon animal flesh. The long horny process of the pos- 
terior shield is not developed in the young animal ; which also 
wants the posterior or branchial members. This process is used 
by some of the Malays as a point for their arro\^ ; the wounds it 
makes being dangerous, like those made by the spines of many 
Fishes, on account of their jagged character. On the coast of 
America, where the Limulus is known as the Casserole Fish, 
the shell is employed as a ladle for water. — Fossil remains of 
this genus are not uncommon in the Secondary and Tertiary 
strata ; and it may be further remarked that, in several particu- 
lars, the Trilohites may be regarded as having been probably 
analogous to it. 

Geographical Dwtribution of Crmtacea, 
The extensive study of this large and important class, by 
M. Milne-Edwards, has enabled him to arrive at some very 
interesting conclusions in regard to its Geographical Distribution. 
An outline of these will be here introduced, because they would 
probably serve, with some modifielHiions, to represent the general 
facts relating to the distribution of other Classes. 

818. It has been pointed out, in the preceding sketch of 
the principal forms of the Crustacea, that different species have 
different localities, or residences assigned to them (as it were), 
on the surface of the globe. We have seen that some are exclu- 
sively confined to fresh water, — that others are inhabitants of the 
brackish water of estuaries, — that others take up their abode on 
the shore, where they are periodically covered and left dry by 
the tide, — that others frequent the shallow waters in the neigh- 
bourhood of the shore, — ^that others are found near the bottom 
of the deeper waters, at no great distance from land, — that others. 
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again, roam freely through the open sea, — and finally, that others 
are only to he met with on the dry land, at a considerable dis- 
tance from the shore. Thus we see that each species has an 
appropriate kind of residence, for which it is peculiarly adapted 
by its organisation and habits ; but it may be farther stated, that 
each species has an appropriate place of residence, which is very 
much determined by the temperature of the region. It is true 
that there are many species very extensively distributed ; but 
this results from their being adapted, by some peculiarities of 
structure and habit, which we c£hnot detect, to sustain life 
under a considerable variety of external conditions (§ 13). The 
extent to which even these species are distributed, however, will 
depend, in great' part, upon the locomotive powers with which 
they are endowed, either in their adult or their young states ; and 
also (in regard, at least, to all but the freely-swimming marine 
species) to the continuity of a line ofcocut^ from one point to any 
other, along which their migrations may be effected. The 
existence of constant or periodical currents, too,— ^-such as the 
Gulf Stream of Mexico, — ^will often affect the distribution of 
species ; thus it is probably to this cause, that we. are to attribute 
the presence of some American Crustacea on the shores of the 
Canary Islands. 

819. The following are the general principles arrived at by 
M. Milne-Edwards in regard to the influence of TempenUure on 
the Geographical Distribution of Crustacea. 

I. Th9 different forms and modes of organisatum of these animals 
manifest themselves more, in proportion as tee pass from the Polar 
Seas towards the Equator, — Thus, on the coasts of Norway, 
where there is frequently a vast multiplication of individuals of 
the same species, the number of species is very small ; but the 
latter increase rapidly as we go southwards. Thus the number 
of species of Crustacea of the first two Orders, known to exist on 
the coast of Norway and the neighbourmg seas, is only sixteen ; 
but eighty-two are known to be inhabitants of the western shores 
of Britain, France, Spain, and Portugal ; one hundred and fourteen 
are known in the Mediterranean Sea; and two hundred and two in 
the Indian Ocean. A similar increase may be observed in fol- 
lowing the coast of the New World, from Greenland to the 
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Caribbean Sea ; the number of species of Decapods in the former 
region being only twelve, whilst in the latter it is seventy-one. 

II. The differences of form and organisation are not only more 
numerous and more characteristic in the warm than in the cold 
regions of the globe ; they are also more important. — The number of 
natural groups, which we find represented in the Polar and Tem- 
perate Regions, is much smaller than that of which we find types 
or examples in Tropical Seas. In fact, nearly all the principal 
forms, which are met with in colder regions, also present them- 
selves in warm ; but a very large proportion of the latter have 
no representatives among the former. Thus, of the three piimary 
groups, into which the Class is at first subdivided, the Xypho- 
sura are altogether wanting beyond the forty-fourth degree of 
latitude. Again, the Brachyourous and Anamourous Decapods 
appear to be altogether excluded from some of the most northern 
regions that have been explored. Of the family of Squillidse 
(§ 731)9 so 'highly characteristic of the Order Stomapoda, it is 
rare to meet with any members, north of the forty-fifth degree 
of latitude. And the curious group of Phyllopoda is restricted 
within a still nearer neighbourhood of the Tropical Region. 

III. Not only are those Crustacea, which are most elevated in 
the scale, deficient in the Polar Regions ; but their relative num- 
ber increases rapidly as we jpass from the Pole towards the 
Equator, Thus the Brachyoura, which must be considered as the 
most elevated of the whole series, are totally absent, as we have 
just seen, in some parts of the arctic region; and we find their place 
taken by the far less complete Edriophthalma, with a small num- 
ber of Anomourous and Macrourous Decapods. In the Mediterra- 
nean, however, the Decapods surpass the Edriophthalma in regard 
to the number of species ; and the Brachyourous division predomi- 
nates over the Macrourous, in the proportion of two to one. 
And in the East and West Indies, the short-tailed are to the 
long-tailed Decapods, as three, four, or even five, to one. — Again, 
the Land-Crabs, which are probably to be regarded as taking 
the highest rank among the Brachyoura, are only to be met with 
between the tropics. And of the Jluviatile Decapods (those 
which inhabit rivers, brooks, and lakes), a large proportion 
belong in tropical regions to the elevated type of the Braohy- 
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oura ; whilst all those found in the temperate and arctic zones 
belong to the Macrourous division. 

IV. When we compare together the Crustacea of different 
parts of the world, we observe that the average size of these 
animals is considerahly greater in tropical regions^ than in the 
temperate or frigid climes. The largest species of the arctic and 
antarctic seas, are far smaller than those of the tropical ocean ; 
and they bear a much smaller proportion to the whole number. 
Further, in almost every group, we find that the largest species 
belong to the equatorial regions ; and that those which represent 
them (or take their place, as it were) in temperate regions, are 
of smaller dimensions. 

y. It is where the species are most numerous and valied, and 
where they attain the greatest size, — in other words, where the 
temperature is most elevated^ — that the peculiarities of structure, 
which characterize the several groups, are most strongly manifested. 
Thus the transverse development of the cephalo-thoirax, which is 
so remarkable in the Brachyourous Decapods (the breadth of tlie 
carapace of the typical Crabs being much greater than its length 
from back to front), is carried to its greatest extent in certain 
Crustacea of the Equatorial regipn ; and the same might be 
stated of the characteristic peculiarities of most other natural 
groups. Further, it is in this region that we find the greater 
part of those anomalous forms, which depart most widely from 
the general structure of the Class. 

VI. Lastly, there is a remarkcible coincidence between the 
temperature of different regions, and the prevalence of certain 
forms of Crustaceotu animals. Thus there are few genera to be 
met with in the West Indian seas, which are not represented in 
the East Indian, — ^the species, however, being usually different. 
The same may be said of the genera inhabiting the temperate 
regions of the globe ; — similar generic forms being usually met 
with in the corresponding parts of the Old and New World, and 
of the Northern and Southern Hemispheres, although the species 
are almost invariably different. 
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ordinary ex|>erience as paarts of the system — as the first rounds of that intellectual 
ladder hy which they aspire to scale the loftier heights of philosophy," has heen 
well described as a common error among those who undertake to direct the study 
of Natural Science. This error will be especially guarded against in the present 
series ; its conductors deeming a certain amount of diffuseness, which may be 
thereby incurred, a far less evU than tiiat frigid conciseness which is so reptUsive 
to the beginnerf tiiough of value to the advanced student. 

Each q{ the Treatises will be distmct in itself, bui they wili all form parts of 
one general plan; so that a considerable degree of connection may exist between 
them, and harmony be maintained tfaronghout. In eveiy department, care will be 
taken to give the latest views attained at the time of its preparation, provided these 
appear well founded ; and to embody as manv facts of striking interest as may be 
possible, so as to fumlBh entertainment as well as instruction ; but great pains will 
be taken to exclude everything which it might be afterwards desirable to unlearn. 

The high position in the scientific world of the gentleman to whom its execution 
has been confided, affords the best guarantee that the whole work will be completed 
in a manner worthy of its importance ; and the Publishers refer, with much satis- 
faction, to the Treatises on VEGETABLE PHYSIOLOGY and BOTANY, 
already published, and forming Parts I. and II. of the series. 

It is intended that the subjects shall be distributed under the following heads, 
forming, in the whole, nine volumes. The series will be concluded with a volume 
on Natu&ai. Theology, in which reference will be made to the facts contained in 
the previous treatises. 
MscRAKfcs-^AaTRONOMY — Hyorostaticb i Crbkistrv, akd its Applications in tbb Arts. 

— HvDRADLica — ^Pneumatics. Mineralooy— Geology. 

Sound — Heat — ■ Lioht — ELECTaiciTV Vegetable Physiology — Botany. 
— Magnetism. | Zoology.a.Animal Physiology. 

Habits and Instincts or Animals. 

The above will be the arrangement of the series, when complete, with General 
Titles and Indexes ; but circumstances render it expedient to vary the order of 
publication. The Volume on Vegetable Prysioloot and Botany was produced 
first, there being a peculiar want of an Elementary Treatise on those sciences, and 
also as being particularly adapted to exhibit the general character of the whole 
work. 



Paw L— YEGETABLE PHYSIOLOGY. 
IL— BOTANY. 

m.— MECHANICAL PHILOSOPHY. 
iy.--H0R0LOOY Am ASTRONOMY. 



Part V.— ANIMAL PHYSIOLOGY, Part I. 
VL— ANIMAL PHYSIOLOGY, Pabt IL 
VII.— ZOOLOGY, Part I. 
Vra.— ZOOLOGY, Part H. 



Part DL^ZOOLOGY, Part IH. 

Are now ready ; and Zoology, Part IV., will be produced during the present year. 

It may be necessary to announce, that the Volumes will be as nearly as possible 
of an average number of pages ; but the extent and price of each will be go- 
verned by circumstances : thus the importance of the present volume has led 
to more diffuseness than will be required in some of the future Treatises, and a 
corresponding increase in price sufficient to cover the additional outlay has become 
necessary. 

To all Persons engaged in Teaching ; to the Heads of Schools and Colle- 
giate Institutions ; the Publishers confidently recommend these Treatises as 
eminently adapted for Class-books, 
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•THE BRITISH CYCLOP JiDIA 



ARTS, SCIENCES, LITERATURE. GEOGRAPHY, NATURAL HISTORY, 
AND BIOGRAPHY. 

The Diyiflion of the Work into Four Sections, was adopted as a more natural 
arran^ment of subjects ; and for the accommodation of purchasers whose taste or 
pursmts might render the whole work unnecessary. In its present form, each 
Division forms a complete Work on branches of knowledge closely and naturally 
connected together. 



FIRST DIVISION— ^r<* and Sciences. 
Containing articles on all branches of Natural 
and Experimental Philosophy : Anatomy, Medi- 
cine, Chemistry, Fine Arts, and Manufactures ; 
the latter drawn, in most instances, from the expe- 
rfenoe6f^e worlcshop. In two lai^e 8vo volumes, 
with upwards of Six Hundred Woodcuts and 
Fifty Steel Plates. Price 30s. doth, and 348. 
l^alMyoipd juorocco. 

SECCNIfD DIVISION- Xtterotor*. Geographff, 
■ . * g,nd History. 

Contaihing in its various articleB a complete 
- HiAtery of the Human Species, Desi^ption of the 
Surface of the Earth, the Progress of (Geographi- 
cal Discovery, and an Epitome and History of 
the tnost rare and valuable Literaiv productions. 
In three volumes, royal 8vo, witti about One 
Tho^tand Vignettes, and Sixty-three Maps of 
Countries and Plans of Cities. Price j62. fis. 
cloth lettered, and £2. lOs. half-bound morocco. 



THIRD DITISION— Jto^roi Hi#tory. 
Forming a complete system of NaturalHktory ; 
in which the productiona of Nature axe treated 
of, both in their general relations and in their 
details ; by well-^own writers on the various 
branches of Natural History^ In three volumes, 
royal 8vo. Price j6'2.$8. d. lettered, and de2. lOs. 
luQf-bound thorocco. Illustrated by about Five 
Hundred Vignettes, engraved on Wood, and 
Fifty Etchings on Steel, by Mr. Thomaa Landseer. 

FOURTH DIVISION— Bto<;rapfty. 
F.orming a complete Biographical Dictionary, 
in two large 8vo vohimes, iUustrated with nume- 
rouET l^ortraits, Residences, and Monuments, 
drawn on Wood by Mr. T. Landseer. With a 
Memoir, suited in extent to the importance of 
the subject, of every person of eminence, ancient 
or modem, compiled with ttie utmost care : those 
points being most prominent which raaric the 
natural character of the Individual under con- 
sideration. 



DOWER'S ATLASES. 

*ifp The attention of Heads of Families and Schools is especially called to the following 
Series of Atlases, which will be found, in fuUness of detail, corrbctnbss, and nbatnxss of kxb- 
cuTiON to surpass, while in the Prices they are infinitely below, any similar publications. 

Iq royal 4to, price One Guinea, half-bound roan, for Schools ; or for the Libraiyi 
Twenty-five Shillings, half-bound, russia, 

A GENERAL ATLAS OF MODERN GEOGRAPHY, 

Comprised in Fifty Maps full Coloured, and a View of the comparative lieight of 
Mountains and length of Rivers coloured, so as to indicate the Quarters of the World in 
which they occur. With a copious consulting Index of many Thousand Places^ with their 
latitude and longitude. 

In royal 8vo, price 128., half-bound and coloured, 

A SCHOOL ATLAS OF MODERN GEOGRAPHY, 

Containing Thirty-six Maps of the Hemispheres, Quarters of the Globe, and the Chief 
Countries. With a copious conBulting Index. 

In royal 8vo, price 78. 6d. half-bound and coloured, 

THE MINOR SCHOOL ATLAS, 

Containing Twenty-one Maps of the Hemispheres, Quarters, and the more important 
Coantriesand Frounces in the World. With a consulting Index of many Thonsand Names. 

In royal 8vo, price 5s., half-bound and coloured; 

A SHORT ATLAS OF MODERN GEOGRAPHY, 

Containing Twelve Maps of the Hemispheres, Quarters of the World, and CountrieB and 
Piovinees suited for the Young to be first acquainted with. 
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